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PREFACE 

TO 

THE SECOND EDITION 


In preparing the second edition of this work for the press, no 
change has been made in the method of treatiAg the subject 
matter, and but little in ^he details of those substances that 
were dealt with in the^ first edition, with the exception of the 
chapter on the Fibres which, with the valuable assistance of 
Miss Agnes Borrowman, has been carefully revised. 

Several additions have, however, been made. Saffron has 
been introduced as an example of part of a'flower, almond as 
type of the oily seeds now much used as alimentary substances, 
and fennel fruit as a type of umbelliferous' fruits. Liquorice, 
gentian, and calumba have been added to the section dealing 
with the roots ; the first two are largely used in the powdered 
state and are frequently adulterated ; calumba is an example 
of a fleshy root exhibiting certain well-marked characters. 

A chapter has also been added on the more commonly 
recurring adulterants of powdered foods and drugs. While it 
is often true that, as soon as a novel method of sophistication 
has been exposed, its use is abandoned, nevertheless several 
adulterants appear to be in more or less constant use, and 
it was considered desirable to introduce these to the notice of 
the student. Finally, a brief general scheme of examination 
has been appended, which may prove useful in the investigation 
of an unknown powder. 

H. G. GREENISH. 

London, September xgio. 


\ 


b 


PREFACE 


TO 

THE FIRST EDITION 


Nearly half a century has elapsed since Dr. Arthur Hill 
Hassall, in his classical works on the detection of adulterations 
in food and naedicine, strongly advocated the use of the micro- 
scope as a valuable aid to chemical analysis in the examination 
of a large variety of vegetable substances, an advocacy that he 
supported by the publication of a great number of analyses. 

During this time considerable progress has been made in the 
detection of such adulteration by chemical analysis, and 
numerous valuable memoirs and excellent text-books replete 
with details and literary references have been published. That 
branch of the subject, however, to which Dr. Hassall particu- 
larly devoted his attention — viz. the examination by the 
microscope — ^has unfortunately quite failed to keep pace with 
the examination by chemical analysis. Such portions of the 
present manuals of analysis as are devoted to the use of the 
microscope provide instructions that are but meagre, descrip- 
tions that lack precision, and illustrations that are wanting in 
detail. And yet the microscope is capable of furnishing, with 
the expenditure of a minimum of material and also often of a 
minimum of time, information concerning the substances 
analysed that cannot be obtained by any other means. With 
much truth HassaU observes that ' applying the microscope to 
food, it appears that there is scarcely a vegetable article of 
consumption, not a liquid, which may not be distinguished by 
means of that instrument. Further, that all those adultera- 
tions of these articles which consist in the addition of other 
vegetable substances and which constitute by far the majority 


(ff tlir adiiltfi'atP inav disruviTvil and 

ciiMiiiiiiiialfd !>v th** ^arni^ * 

Siiiti* t!i«* puldit'HliMn <d %v**rk^% inut/h li.r-. hiTii 

doiir iiy tlu'* Stall'* tu {'irid»*<i tft** puhlir fuaii th*'* frauds tlatf 
wii'r tlifii j'lrartisrfi npMii it, Hiin’i* «*?ckt at tln> 

prr'N'iit tiiiu* a iaff^i* iimidai' of aiialvsts «‘n|^tgrd, iumi'** nr 
!r^^s ragiilarly, in lla* I'Xamiriatioii id funds and dni|,^s, dVi 
thvsv, in partii'idar, t!iu at»i!itv to usr tla* 'usirrnsnipr fur Ihf 
jnirpu^u* <d dfdatd adnlfutafif an i.'uiduiiiiiii^ ru-'adt-* anivist 
at liv idiiar infsiir% iriiisf h** at paraiiiuiint imjiurtainin fndi*f-d, 
it is dittifiiit In iiiidt'i'^fand laav aiiv piihtir aiialvsf that is 
riiiiildi’ fu iiiaku an fs\j«a't Usi* u| tlin inn iM-.i-upf l aii I'uiii" 

j'lrfiiit fu di'*.« !iaf'| 4 r his dntirs. rpun this puinf fhr Loral 
(iiivarniiii’iil IkiariL liiu anlhuritv «’iitnr:drd with fJia fraining 
of rrgnhdka'is O’l^ardiiii^ th*' appoiiitinrnt uf puiilir aiialv'ds, 
has pr*iiiounri‘d a. drliiiifu opiniiai Lv iiiakini* roi'iipafrttrv in 
tli*‘ iisf* nf I ho iiiif'rosropo a nor'r sHarv ipirditirafiiai, and flia 
Iirditulr of Clnanistry of Lrisut. f#ritairi and iroland lian 
oslablislird an oKaiiiiiialioii tiia.t laiiifurniH in tliis rrspt*r:t 
with llii* r«“cjinroiiiorifs id tli*’ Boartl. 

Ttio Hia,rnni»*aitif .d si„ ^-tv uf Britain has also 

rrrii|,piiM-d III.' iiiipui r fli*" ph.nni-art of -dnll in ffit* 

n:u’ f,| thv nil* ha id« iitil\ini! da- natuo’ .uni d*-t*niiiii|. 

iiil4 tlir cjiialifv <d pfu%'-d»-n'd ilrnir-.. If r. now \ssiis 

siiirr till* iiti I'lidtiM'i | ihIm iIh t uri i» liluiii td 'dnd\‘ a. 

Miitahir *d trainiiii* m fli*" us*- «d ihr inirrus* upia and 

info its rj^ai'iiiinitioiis a fr-u. of ih*- alaiitv to ns** fh*- kiioiUodih* 

! litis aMjiiinal. irivr-^d'ii|af nais rnaidlv l•ondn» fod hv tin* 
Soi'iidy a'l Iliu rrtjtir^t *d IIp' Lriirud «\Irdi*'aI C'oiini il havr 
alsii slaiwii that tin* rniu'ou sipiisd of puwdorrd 

drii|4H yiolfis rrsults of far nr^-alur vahiu in dotrriiiiinni# ihfar 
i«lfiilitv aiifi faiiitv tlrui '.n* h * laiiin al data as thr anioiiiit *d 
ftsfi yL'Idr*'! hv 

Itrfol'o |!|r inn r*SM aj *-V4lllllatt|u|l of Vr|,adahlf“ foods 

and «!rii|p ran ho inhain^^'iitlv jaa*trs-d, 4 n»'ia-i*d luiMwh'dyr 
rd I'W'itaiiy and ri faiilv sraind and fhoiotigh a* <|i|aiiifain r Wifli 
trdaiiii'a! Iiistiiiunv al»s*dut*'l%^ lir» s’ssarvs {'I is as iiiijiii'v* 
-’■‘ihlo for ailVoll**' to l-ir-i oiiir a M 4 nprt»'|i| inir rrrs f <p|s| milliri||f 
MifJ'i I'lroliiriiiiarv 'kno%vird||*a as to h*'*om«" a. ^ firiipuisait aii4!y“ 

lira! rhr‘riiis| %viilioni lirsf. .aapimni* a soiuni kriomd«‘d|^*’ «if tt'ia 


PREFACE 


viii 

theory and principles of the science of chemistry. For this 
reason it appears to me that the training now given in the 
School of Pharnaac}^ of the Pharmaceutical Society — com- 
prising, as it does, a knowledge of the principles upon which the 
sciences of botany and cheraistry rest as well as training in 
the application of the knowledge thus acquired — is admirably 
adapted to fit a man to become an expert not only in the 
microscopical, but also in the chemical examination of foods 
and drugs. 

While there exist a number of excellent text-books of 
botany to aid the student in acquiring a knowledge of vegetable 
histology, there does not exist an English text-book specially 
devoted to practical instruction in the methods of examining 
vegetable foods, drugs, and their powders. The botanical text- 
books are not suitable for this purpose. They deal with the 
structure of vegetable organs from a general point of view, and 
devote little or no attention to the details that distinguish the 
individual members of any one class from one another, nor are 
the methods they employ generally suitable for analytical 
purposes. It was with a view to supplying this want that I 
undertook the compilation of the present volume. In it 
I have endeavoured to introduce the student to the chief 
methods adopted in the examination of vegetable foods and 
drugs, entire, crushed, and finely powdered. The best, in 
fact the only suitable, means of doing this seemed to me by 
selecting certain typical examples and describing the means by 
which they may be examined. The well-known danger that 
is incurred in teaching by types I have endeavoured to avoid by 
including a number of other examples which I have treated 
more briefly ; hence in the earlier sections, dealing with starches, 
stems, and leaves, a comparatively large number have been 
examined, or at least referred to, while in the succeeding sections 
the number has been less. The selection of the substances 
to be examined has been the subject of grave consideration, 
inasmuch as it appeared desirable to examine such as illustrated 
varying methods, offered important but varying features 
in their structure, and yet were of general interest and in more 
or less common use. 

The subject matter has been divided into twelve sections, 
which have been so arranged that the student may begin with 
the simplest and proceed to the most complex, acquiring, as he 
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proceeds, a knowledge of various tests and operations that are 
of more or less general use. Thus I have commenced with 
the starches, which require but little preparation, and have 
proceeded to the fruits, which commonly possess a complex 
structure, and to the roots, which present difficulties in their 
identification when powdered. In order to exhibit the great 
variety of forms that starch may assume I have described and 
illustrated a rather large number, including, for practical reasons, 
all the most important. In dealing with leaves I have selected 
bearberry as an example of a coriaceous leaf that requires 
soaking in water before it is cut, that is easily cut, and that 
allows of the epidermis being separated after digestion with 
caustic potash ; senna, as a type of papery leaves that are best 
softened by exposure to a moist atmosphere, that are best cut 
in packets, and that exhibit their epidermis after soaking in 
chloral hydrate ; tea, on account of its importance as well as 
on account of the remarkable sclerenchymatous idioblasts it 
contains ; buchu, because it contains mucilage, oil glands, and 
hesperidin ; belladonna, as an example of a solanaceous leaf 
with bicollateral bundles and sandy crystals ; henbane and 
stramonium, as important objects for comparison, and so on 
throughout all the substances examined. 

In very few instances is the examination of any food or 
drug complete without the preparation of sections in various 
directions, the separation of the tissues by suitable means, and 
the examination of the powder ; but nevertheless I have not 
dealt with all these operations until senna leaves are reached, 
because experience has taught me that the student may at that 
point most advantageously commence the study of the powder. 
For this purpose senna leaves of known genuineness should be 
reduced to a powder that will pass through a No. 6o sieve ; 
this will be coarser than the powdered senna of commerce, and 
more easily examined. 

Although I have endeavoured to deal with substances yield- 
ing important powders, I have refrained from any attempt 
to embrace all such as the analyst or pharmacist may be likely 
to meet with. To supply this latter want I have in conjunc- 
tion with M. Eugene Collin published a series of memoirs in 
the ' Pharmaceutical Journal' which will shortly be reprinted 
in the form of an Anatomical Atlas. Such an atlas can, 
however, be intelligently used only by those who have had 
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preliminary training in botanical histology and in the methods 
of examining drugs and powders. The present volume is 
intended to afford to the student who has already been grounded 
in botany, the instruction and advice necessary to enable him 
to undertake the examination of vegetable powders. In its 
preparation I have received much valuable assistance from Mr. 
C. Heslop, Demonstrator in Pharmaceutics (1901-2), and Mr. 
T. E. Wallis, Assistant Lecturer and Senior Demonstrator in 
Chemistry and Physics. To Mr. Heslop I am indebted for help 
in reproducing several of the illustrations, while figs. 56, 116, 
117, 118, 119, and 161 were prepared from drawings made by 
Mr. WaUis during the examination of the several substances 
under my own supervision. I have also made full use of the 
literature of the subject, particularly of the publications of 
Meyer, Moeller, Schimper, Tschirch, Tschirch and Oesterle, and 
Vogl. 

H. G. GREENISH. 


London, June 1903. 
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INTRODUCTION 


To the student who accepts this work as a guide to conduct 
liim from a knowledge of the general structure of vegetable 
organs to the study of the anatomical details of foods, drugs, 
Sind their powders, I address the following observations. 

In order to thoroughly understand the anatomy of any 
drug, it is necessary first to examine it with a lens', then to 
cnt sections in different directions and through different parts ; 
-to disintegrate the tissues by suitable means, and compare these 
■with the tissues observed in the sections; to examine the 
joo-wdered drug and compare the tissues, cells, and cell contents 
observed with those that previous examination has disclosed, 
noting the changes that they have undergone, and seeking and 
■utilising special reactions to render more conspicuous such as 
are not easily detected. 

Most strongly must I insist upon the necessity of recording 
observations by means of sketches. This affords a most 
■valuable training for the powers of observation, as it compels 
■fclne observer to examine each object more minutely and more 
attentively than -wo^uld other^wise be the case. Much time may, 
tiowever, be lost by injudicious or indiscriminate sketching. 
Diagrammatic sketches under a low power should first be made 
with a view of indicating the positions and extents of the 
various tissues ; of such diagrammatic sketches figs. 53, 71, 
88, and 187 may serve as examples. 

The details of these tissues should then be drawn on a scale 
large enough to allow of the necessary minutise being intro- 
cfi^uced. Figs. 60, 125 to 128, 154, 155, 157 to 159, and 160 are 
examples of such. All sketches should be drawn in pencil and 
corrected until accurate, for one cell accurately drawn is a 
valuable record, whereas a hundred cells inaccurately drawn 
can only mislead. A little difficulty may at first be experienced 
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in discriminating between the important and the unimportant ; 
I have therefore in a number of instances endeavoured to aid 
the student by indicating what should be sketched. 

It may of course be perfectly possible, by means of atlases, 
descriptions, or keys, to identify an unknown powder, but the 
identity cannot be considered as satisfactorily established 
until the powder has been compared with the powder of the 
drug with which it has been identified. 

The student is recommended to prepare his own powders 
from the entire drug, passing them through a No. 6o or No. 8o 
sieve. After these have been studied the finer commercial 
powders which present more difficulty may be examined. 

Finally, let me impress upon him the fact that there is no 
royal road available. Facility in the microscopical examina- 
tion of foods and drugs can be acquired only by study and 
practice ; without these it is impossible to become an expert 
in the use of the microscope. 
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SECTION I 

STARCH 

INTRODUCTION 

Starch is one of the most widely distributed of the cell con- 
tents of plants. It is found in all classes, with the exception 
of the Fungi, and is met with in different parts of the same 
plant. It may, under certain circumstances, be detected in the 
form of minute grains in the chloroplastids of the leaf or stem, 
from which organs it is transported, in soluble form, to other 
organs destined to receive it. In these it may either be 
temporarily deposited until required for the growth of particu- 
lar parts of those organs, as is the case with the small starch 
grains formed in the epidermis of the hnseed and other seeds, 
or it may be more permanently deposited in comparatively 
large quantity as a reserve material to supply the subsequent 
needs of the plant. Seeds, fruits, rhizomes, roots, and agrial 
stems form the principal reservoirs for the storage of reserve 
starch, the presence of which often renders them valuable as 
foodstuffs or as sources of commercial starch. 

Careful examination has shown that the starch grains 
produced by a particular plant are remarkably constant in size, 
shape, and general characters, but it has also been shown that 
the starch grains of one plant often differ from those of other 
plants to such an extent as to render the two kinds easily dis- 
tinguishable. Sometimes, too, the starch grains produced by 
the various species of a single genus or natural order, exhibit a 
remarkable general resemblance to one another, as is the case, 
for instance, with the starch of many species of Leguminosse. 
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The careful study of the starch grains, and especially of those 
deposited as reserve starch, becomes therefore of primary 
importance, both as a means of identifying the source of the 
different commercial varieties of starch and of distinguishing 
various starch-containing drugs from one another. The detec- 
tion of starch is also frequently of great value as constituting a 
means of determining the adulteration of the powder of a drug 
naturally free from starch with either starch itself or with a 
drug containing that substance. 

The following, therefore, are the chief points to be borne in 
mind in the examination of starch : 

(1) The means by which starch grains can be identified as 

STich. 

(2) The means by which the starches of different plants 

may be distinguished from one another. 

Examination of Potato Starch 

Mounting. — Put a small drop of water on a slide ; take a 
little potato starch on the point of a knife and transfer it to the 
water ; mix thoroughly with a mounted needle and carefully 
cover with a coverslip. This should be done by gradually 
lowering the coverslip by means of the needle, preventing it 
from slipping by holding the finger against the edge that rests 
upon the slide. Care should be taken to avoid undue pressure, 
which is liable to crush the grains. Both slide and coverslip 
must be scrupulously clean, and any excess of water should be 
removed by a strip of filter paper, which, for this purpose, is 
preferable to blotting paper. It is very desirable to take, in the 
first instance, a drop of water of about the right size, but this 
can be attained only by practice. 

Strict cleanliness in the mounting of objects for microscopical 
examination cannot be too strongly insisted upon. Excess of 
the mounting medium, if not removed as directed, allows of 
the coverslip floating, and of the objects under examination 
moving ; moreover, the liquid is very liable to find its way on 
to the upper surface of the coverslip and thence on to the front 
lens of the objective, in either case obscuring clear vision. 
Too much starch is also objectionable, as the grains then he 
over one another and accurate observation becomes impossible. 

The presence of one or two bubbles of air is not a matter of 
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importance, but a large number of them should be avoided ; if 
they have by accident found their way into the preparation, as 
they may do if the covershp has not been carefully lowered, a 
fresh preparation should be made. 

Shape.— Examine the slide, first with a low power (f inch 
or I inch), and then with a high power (J inch). The starch 
consists of grains of variable size. They have an oval, ovate, 
or ellipsoidal outhne ; some are triangular or even obscurely 
quadrangular, with rounded angles, and resemble oyster shells 
in shape. 

The outhne alone, however, does not give a sufficient clue to 
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Fig. I. — Potato Starch. X240. (Greenish and Collin.) 


the shape. This must be ascertained by making the grains roll 
so that the same grain may be viewed in different positions. 
Examine a slide under the low power, and, while it is under 
observation, gently touch the edge of the coverslip with a 
needle. This will usually produce sufi&cient movement to cause 
some of the grains to roll and thus exhibit their form. In the 
case of small starch grains, sufficient movement may be pro- 
duced by bringing a drop of alcohol on the slide to the edge of the 
coverslip; the alcohol, as it mixes with the water, sets up currents 
that carry the grains with them. Potato starch, when made to 
roll, is seen to be distinctly, though not strongly, flattened. 

Observe here and there a starch grain composed of two 
grains adhering by their broader (flattened) ends ; such grains 
are termed ‘ compound.’ Sometimes a compound grain is 
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subsequently entirely surrounded by concentric rings of starch 
material it is then called a semi-compound grain. 

Hilum.— Near one extremity (usually the narrower) there 
is a point around which concentric lines are arranged. This is 
the hilum. In some of the grains there is a small linear or 
V-shaped fissure through the hilum ; this is often, but incor- 
rectly, spoken of as the hilum— it is a fissure produced by the 
shrinkage attendant upon the drying of the grain. 

Note that in potato starch the hilum is not in the centre of 
the grain ; it is eccentric. It is often desirable to indicate the 
exact position of an eccentric hilum ; this is done by measuring 
the distance between it and the nearer, as well as the further, 
margin of the grain and stating the ratio between these figures, 
which expresses the degree of eccentricity, as a fraction. Thus 
in potato starch the greater distance is about five times the 
lesser, and the eccentricity is therefore about i. 

Striations.— Surrounding the hilum are a number of fine 
concentric lines ; these are termed striations or strics. They 
are said to be caused by variations in the amount of moisture 
present, the dark striations being comparatively rich in mois- 
ture, while the colourless intervening portions are comparatively 
poor; Meyer ascribes them to differences in the minute 
crystalline particles of which he believes the starch grain to 
consist. Observe that in potato starch there occur at intervals 
striations that are more strongly marked than the others. 

The grains of many varieties of starch do not exhibit any 
striations at all ; few exhibit them so conspicuously as potato 
starch does, and still fewer show some more and others less 
strongly marked. Faint striations may be made transiently 
more distinct by introducing under the coverslip a drop of 
solution of potash, or of chromic acid, or of chloral hydrate 
(compare p. 8, ' Effect of Caustic Alkali ') ; oblique illumination 
also aids in making them more easily visible. 

Size. — ^The size of a starch grain, and of other microscopic 
objects, is usually ascertained by measurement with an ocular 
micrometer. 

This instrument consists of a small glass circle on which an 
arbitrary scale is engraved. In the ordinary form this scale 
contains ten divisions, each of which is subdivided into ten sub- 
divisions. The micrometer is introduced into the eyepiece by 
unscrewing the eye-lens and dropping it upon the diaphragm. 
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the position of which has to be adjusted, so that the scale on the 
micrometer appears in focus on looking through the eyepiece. 

The value of each division or subdivision of this scale has to 
be ascertained by means of a millimetre scale. 

The millimetre scale, in its ordinary form, consists of a centi- 
metre engraved upon a glass slide and divided into ten milli- 
metres ; one of the latter is subdivided into ten parts. The 
slide is focussed in the usual way, but using the eyepiece 
that contains the micrometer scale ; the eyepiece must be 
rotated until the two scales are exactly superposed, when the 
number of divisions that correspond to, say, i millimetre on 
the millimetre scale can be read off. Thus, supposing i 
millimetre be exactly covered by 95 subdivisions of the ocular 
micrometer, then each subdivision of the latter will indicate 
or 0*0105 millimetre. 

It is, however, usual to express measurements in terms, not 
of a millimetre, but of a micron (fi). A micron is the one- 
thousandth part of a millimetre, and, consequently, in the 
example quoted each subdivision of the scale will indicate 10*5 
microns. 

Having determined the value of the ocular micrometer scale 
as described, remove the slide with the millimetre scale from 
the stage of the microscope, and substitute for it the slide with 
potato starch grains. Bring the grain to be measured nearly 
into the centre of the field, and then rotate the eyepiece until 
the micrometer scale coincides with the long axis of the grain. 
The number of subdivisions the grain covers can then be easily 
read off and converted into microns by multiplying by the 
previously ascertained factor. 

The value of the subdivisions of the micrometer will, of 
course, vary with the eyepiece and objective used. It will be 
found convenient to keep an eyepiece, with the micrometer fixed 
in it, specially for measuring, and to determine and record the 
value of the scale for each objective in general use. 

In measuring starch grains in this way it is customary to 
measure them in water and to neglect the slight swelling that 
takes place when the dry grain is mounted in that liquid. In 
addition to the largest and smallest grain, those of most fre- 
quent occurrence should also be measured. It is sometimes 
desirable to ascertain the width as well as the length, but this is 
not often necessary. 
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Sketching.— Having thus carefully examined the starch, 
record the results by sketching a few of the grains. The inapor- 
tance of this as a means of training the power of observation, 
and ensuring that no detail has been overlooked, cannot be 
over-estimated. The student is urged on no account to neglect 
to sketch his preparations ; although it may be a little trouble- 
some at first, it will gradually become easier. 

The simplest method of sketching is that of observing the 
object under the microscope and then reproducing it upon 
paper. In doing this care should be taken to sketch in pencil, 
and on a sufficiently large scale ; the largest grains of potato 
starch, for instance, should measure not less than 2 cm. in 
length. Sketch first the outline, and make sure that it correctly 
represents the outline of the grain under examination. Next 
put in the hilum, taking care that this also is accurately done. 
Then count the number of darker striations, and sketch them 
in their correct relative positions. Lastly, count, if possible, 
the number of fainter striations between two dark striations, 
and introduce these. Two or three grains correctly sketched 
form a valuable record, but a dozen grains carelessly drawn are 
worse than useless. Typical grains should be selected, and the 
number not unnecessarily multiplied by repeated sketches of 
very similar grains. Focus as frequently as may be necessary 
in order to show all the details as sharply defined as possible. 

It is exceedingly desirable that the grains should be repro- 
duced in their correct relative size. This can easily be done by 
means of the ocular micrometer. Suppose, for instance, the 
potato starch is to be sketched under a magnification of 200 
diameters. Measure the grain with the ocular micrometer. It 
measures, say, 100 /x, ( = tV mm.) . It must be drawn, therefore , 
200 X iV tnm. (=20 mm.) long. Mark two points on the 
sketching paper this distance apart. Next, measure the dis- 
tance of the hilum from the nearer margin and mark its position. 
Lastly, measure the breadth of the grain at its widest point, 
and mark this. The details can then be readily filled in. 
The second grain sketched can be treated in the same way. 
The exact magnification is known, and the relative size is 
correctly preserved. 

More commonly, one of the various forms of camera lucida 
is used. Information concerning these can be obtained from 
one of the numerous works that deal specially with the 
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microscope and its appliances, or from the price lists of 
manufacturing opticians. Although very convenient and 
largely used by histologists, they are not absolutely necessary. 

Effect of Heat, — Mount a little potato starch in water, 
cover with a coverslip, and then gently warm the slide by 
holding it over a very small gas or spirit flame, taking care to 
apply the heat just beyond the coverslip. Directly the opaque 



Fig. 


2. — Potato starch, showing various stages in gelatinisation. 




starch grains near the edge of the coverslip become suddenly 
translucent, withdraw the heat and cool the slide. Examine 
under the microscope, observing first the grains furthest re- 
moved from the heated end of the slide. These, or at least 
some of them, should be intact and show no difference from 
grains that have not been so treated. Proceed towards the 
heated end of the slide, and observe, in successive degrees, the 
effect of moist heat upon the grains. First the hilum fissures, 
and here disorganisation commences, extending, in grains that 
have been more affected, along the long axis of the grain, often 
forming a V-shaped fissure. The central portion becomes first 
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granular, then translucent, and finally the whole grain swells 
considerably and is converted into a gelatinous mass in which 
only delicate dark lines are visible (fig. 2). 

All starches gelatinise when heated with water, but the 
temperature at which gelatinisation is effected varies consider- 
ably with the variety of starch. The following table shows the 
temperatures that have been determined for some of the more 
important starches : 



Distinct swelling 

Begins to gelatinise 

Complete gelat. 

Rye .... 

45*0 

50-0 

55*0 

Rice .... 

537 

587 

61 *2 

Barley .... 

37*5 

57*5 

62-5 

Potato .... 

46*2 

587 

62-5 

Maize .... 

50-0 

55*0 

62-5 

Wheat .... 

50-0 

65*0 

67-5 

Maranta .... 

66*2 

C6‘2 

yo'o 

Acorn .... 

57*5 

77*5 

1 

87-5 


The temperature at which gelatinisation takes place might, 
therefore, well be used to distinguish, for instance, between 
rye starch and wheat starch, and the attempt has even been 
made to base a quantitative separation upon this property. ^ 
It is very important that the student should make him- 
self acquainted with the effect of heat, and especially moist 
heat, upon starch grains. Many drugs, more particularly 
powdered drugs, are subjected to excessive heat during the 
process of preparing or drying, by which considerable alteration 
is effected in the appearance of the starch grains. These 
fissure, or become more or less translucent in the centre, 
or are even entirely gelatinised.® 

Effect of Caustic Alkali. — Mount a little starch in water ; 
place a drop of solution of caustic potash on the slide near the 
coverslip, and gently bring it into contact with the water in 
which the starch is mounted. If necessary, draw the alkali 
underneath the coversh'p by applying a small fragment of filter 
paper to the opposite side. Observe the effect of the caustic 
alkali upon the grains. At first the striations become a little 
more distinct, then fainter ; the central portion becomes 
transparent, as though solution were taking place ; and 

‘ Wemwurm, Zfeciy. /. Uniersuchungd.Nahmngs-undGenussmittel, 1898, p. 98. 
- Compare figs. 15 and 17, 
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finally the grain rapidly swells until the shape becomes 
unrecognisable. 

Solution of caustic potash is by no means the only reagent 
that will gelatinise starch. Concentrated solutions of chloral 
hydrate (five parts in two of water), of calcium chloride, of zinc 
chloride, &c., produce a similar effect. Solution of sodium 
salicylate (one part in eleven of water) gelatinises rye starch 
more readily than it does wheat or certain other starches, and 
hence has been utilised as a means of distinguishing them. 
Strong hydrochloric acid and strong sulphuric acid dissolve 
starch. 

The ‘ presence of starch in a section often obscures im- 
portant details and its removal becomes desirable. Solution 
of potash, or of chloral hydrate, or strong hydrochloric acid, 
will effect this, and such solutions are termed ' clearing agents.' 
Clearing may also be effected without the use of either acid or 
alkali by warming until the starch is gelatinised, and then 
digesting with diastase until solution is effected. Boiling with 
dilute mineral acid produces a similar result. 

Iodine Test. — Mount a fresh slide in water and irrigate with 
iodine water (or solution of iodopotassium iodide diluted with 
water to the colour of dark sherry). Observe that the grains 
assume a pale violet-blue colour, which increases in intensity 
till it becomes almost black. 

This is the most important chemical test for starch, and 
should be applied in all cases in which the identity of the 
particles under examination appears doubtful. For its suc- 
cessful application the presence of water is necessary, and it 
should be noted that, under certain circumstances, the blue 
colour may be overlooked. This is especially the case with 
very minute starch grains ; these are best tested by a saturated 
solution of iodine in the solution of chloral hydrate previously 
mentioned. The chloral hydrate induces gelatinisation of the 
grain, while the iodine colours it blue, the blue compound thus 
produced being insoluble in the reagent used. 

A few plants contain grains which resemble starch but 
fail to give the characteristic blue reaction with iodine, the 
colour produced being reddish or violet. To such grains the 
name of amylodextrin (see p. 22) has been given. 

Polarisation. — Mount a little potato starch in water and 
examine it by polarised light. For the necessary appliances 
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and the mode of using them reference should be made to one of 
the text-books of the microscope. With crossed prisms each 
starch grain shows a dark cross upon a light ground, the point 
of intersection of the arms of the cross being coincident with 
the hilum. This behaviour of starch is to be referred to its 
micro crystalline structure, and is occasionally of use in detect- 
ing starch grains that might otherwise be overlooked. It 
must be observed, however, that other vegetable substances 


Fig. 3. — Potato Starch, in polarised light. (Behrens.) 

(the walls of the cells, sphserocrystals of hesperidin, &c.) also 
rotate the ray of polarised light and may exhibit a similar 
dark cross upon a bright ground. 

Examination in Glycerin, &c. — ^Mount a little starch in pure 
glycerin ; observe that the grains appear brighter and the 
striations become almost invisible, while the hilum is often con- 
spicuous as a dark spot owing to a little air being imprisoned 
in the hollow centre. 

Repeat the experiment with oil of cloves ; the details are 
still less visible. 
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These experiments serve to show that glycerin and oil of 
cloves are unsuitable media in which to examine starch grains. 
The explanation is to be found in the fact that these liquids 
refract light more strongly than water does, and nearly as 
powerfully as the starch grain itself. Were the refractive power 
of the mounting medium the same as that of the grain, the 
latter would be invisible. The same applies to cell walls and 
fragments of cells ; these should be examined in water for the 
study of minute details, as the latter become almost invisible 
in strongly refractive media, just as the striations of starch 
grains disappear in oil of cloves. 
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Fig. 4. — Potato Starch. X240. (Greenish and Collin.) 

Important Starches and their Characters 

(i) Potato Starch. — Potato starch (fig. 4) is obtained from 
the tubers of Solanum tuherosum, Linn. It is composed of 
grains of variable size, some being so large as to be visible to the 
naked eye. Typical grains of this starch are flattened, and have 
an oval, ovate, ellipsoidal, or conchoidal outline. The hilum is 
punctiform and eccentric, being generally situated near the 
narrow end of the grain ; it is surrounded by numerous distinct 
concentric striations, some few of which are much more con- 
spicuous than the others. In addition to these typical grains 
there are a few others, smaller in size and rounded in outline, 
or rounded on one side and flattened on the other, the last 
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named being sometimes attached by their flat sides in twos or 
threes. 

The largest grains vary in length from 75 to no jjb, those 
of medium size from 45 to 65 fi, and the smallest ones from 
15 to 25 IJL. 

(2) Maranta Starch. — Maranta starch (fig. 5) is obtained 
from the rhizomes of Maranta arundinacea, Linn., and other 
species of Maranta, It is commonly known in commerce as 
' arrowroot ' — a term, however, which is also applied to the 
starches of other and widely different plants. 

The different varieties of arrowroot are distinguished in 
trade by their geographical sources. Maranta starch is known 

as Bermuda, St. Vin- 
cent, West Indian, or 
Natal arrowroot, ac- 
cording to the coun try 
in which it is pre- 
pared. 

The grains of 
Maranta starch are 
simple and rather 
large. They are ir- 
regular in shape, the 
smallest being nearly 
spherical, while the 
larger are rounded, 
ovoid, pear-shaped, 
or sometimes almost triangular. The largest bear numerous 
fine concentric striations, and a conspicuous rounded, linear, or 
stellate eccentric hilum. In some varieties of arrowroot (Natal) 
the rounded hilum predominates, in others (St. Vincent) the 
linear or stellate, the latter often resembling the wings of a 
poised bird. The grains average about 30 to 40 fju in length, 
but may attain to 45, 60, or even 75 ji, as, for instance, in 
Bermuda arrowroot ; the smaller grains vary from 7 to 15 
(3) Maize Starch.— The starch obtained from the fmits of 
Zea Mays, Linn. 

Take a grain of maize and cut it longitudinally into two 
parts. The centre of the grain is white and mealy ; on one side 
of the whitish part, or partially surrounding it, is a yellowish 
horny portion, while on the other side is a greyish portion in 



Fig. 5. — Maranta Starch. X240. 
(Greenish and Collin.) 


MAIZE 


13 


which the embryo and scutellum can be discerned ; the whitish 
mealy and yellowish horny portions constitute the endosperm. 
The reserve starch with which the endosperm is filled forms 
the maize starch of commerce. 

Remove a little of the starchy central portion and examine 
it in water. 

The starch grains appear rounded or muller-shaped ; a few 
are polygonal. They are simple, and vary in size from 5 to 20 
but are on the whole tolerably uniform, the majority measur- 
ing from 12 to 18 The hilum is mostly distinct, sometimes 
as a point, but more often as a two-, three-, or four-armed 
cleft ; striatioiis are not discernible. 

Cut off from another grain a little of the horny portion 
of the endosperm and soak it in water for twenty-four to 
forty-eight hours. It will 

soften. Remove a small <35 O 

portion about the size of .^,718 ^ 
a pin's head and break 
it up with the dissecting 
needles in a drop of 
water. Examine it. 

The starch grains are 
partly free, partly still 
contained, closely packed, 
in the cells of the endo- 
sperm. 

The free grains are, like those in the previous preparation, 
simple and tolerably uniform in size, but they differ in being 
mostly polygonal with rather rounded angles. In outline they 
are often pentagonal. The hilum is frequently a point, and 
often exhibits two, three, or four radiating clefts. Some 
grains are much fissured at the periphery. In others there 
appears to be a large central cavity or possibly gelatinous 
portion surrounded by a brighter peripheral layer, the latter 
being often radially striated or fissured. These grains are 
usually larger than the others, and appear to have undergone 
partial gelatinisation. In none of the grains can concentric 
striation be detected. 

All these grains may be found in commercial maize 
starch, but those with large central cavity are few in 
number. 





Fig. 6. — Maize Starch. X240. 
(Greenish and Collin.) 


14 


STARCH 


(4) Rice Starch.— Rice starch is obtained from the fruits 
of Oryza sativa, Linn. 

Soak a few grains of rice in water for three or four hours, 
then scrape off a little of the softened grain and mount it in water. 

The starch grains are very 
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Fig. 7. — Rice Starch. X240. 
(Greenish and Collin.) 


/Sr? 0 r^ 0 Q 0 0 D ? o O angular; theirsides 
0 08 ^ o^ mostly flat, but occasion- 

0 ^ ° 0 0 ' curved. There 

0 0 0 o (ffl ® O is seldom any hilum distinctly 

™il-le, but in some grains 
Qo“'^o®o a central portion appears 

brighter — a difference pos- 
sibly due to the drying of 
the grain. They are regular 
0 Q ^ ^ 00 in appearance and uniform in 

£.C, size, averaging about 6 yL6 in 
Fig. 7.— Rice star<A. X240. diameter, but grains up to 8 

or even 10 //.maybe found, 
as well as some that are very minute. 

Among these angular grains there will be found larger 
masses consisting of a number of grains compacted together 
(compound grains) ; they are ovoid or nearly spherical in 
shape, and measure from 20 to 30 fi in length. By pressure 

they easily break up into 
. 00 their component grains, 

Ql and hence they are seldom 

°f/§ 11 1 r? r\ found intact in commercial 

ooL ,#^0 xJ : o\J rice starch. 

(5) Wheat Starch.— 
00 oo( 3 Wheat starch is obtained 

o 0 '^he fruits of several 

o'oo'ol °0 species of Triticum. 

L §r\ a few grains of 

OW '^'heat in water for twenty- 

if.e. four hours. Cutonetrans- 

Fig. 8.— Wheat Starch. X240. versely, and mount a little 

(Greenish and Collm.) r - 

of the starch in water. 

Examine it with the low power ; observe that it consists of 
large rounded grains mixed with numerous small ones ; grains 
of intermediate size are comparatively rare. 

Examine with a high power. The large grains appear 


Oq^O 0 OqC^c 


o oo' 


'm 


.OBofO: 


0 V 


i.e. 

8. — ^Wheat Starch, x 240. 
(Greenish and Collin.) 
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rounded, or nearly oval, without evident hilum or striations, but 
on careful examination one may be found here and there with 
a distinct hilum in the shape of a point, or cleft, or apparent 
cavity, and an occasional grain will also exhibit delicate con- 
centric striation. In some 
samples of wheat most 
of the grains may show 
distinct striation. 

Make the grains roll by 
moving the coverslip, or 
by pressing on one side of 
it. As the large grains roll 
they will appear oval or 
concavo-convex in outline, 
showing that the grains 
are not spherical but len- 
ticular or bun-shaped ; 
some will exhibit a darker 
longitudinal line in the centre, corresponding to the central 
cavity previously mentioned. 

In diameter the large grains measure mostly from 20 to 35 jj. 
(when lying flat). 

(6) Rye Starch. — Rye starch may be obtained from the 
fruits of Secale cereale, Linn. Rye starch closely resembles 
wheat, but the large grains 
attain a larger size (45 to 
50 jj), and many of them 
exhibit a dark central cavity 
with several radiating clefts. 

Most of the larger grains are 
gelatinised when mounted in 
a solution of sodium salicy- 
late (i part in ii parts of 
water) and kept for 24 hours ; 
wheat and other starches are 
but little affected. 

(7) Barley Starch. — Barley 
starch is contained in the 
fruits of Hordeum distichon, Linn. Barley starch also closely 
resembles wheat, but the large grains are rather smaller, the 
majority measuring 18 to 25 /i. a- as much as 30 ji. They 
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Fig, 10. — Barley Starcli. x 240. 
(Greenish and Collin.) 
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Fig. 9. — Rye Starcli. X240. 
(Greenish and Collin.) 
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are also less regularly circular, showing a tendency to bulge 
on one side and thus assume a sub-reniform shape (compare 
pea starch). In side view they are elliptical or lemon-shaped 
rather than lenticular. 

Note . — Wheat starch is a conamon article of commerce, but 
rye and barley starches are not. The detection of barley starch 
when mixed with wheat starch is difficult, but the identification 
of the corresponding flours is easier, for these always con- 
tain fragments of the pericarp, &c., which offer additional 
and very valuable evidence of identity (compare ‘ Wheat,’ in 
Section XI, p. 299) . 

(8) Oat Starch. — Oat starch is contained in the 
fruits of Avena sativa, Linn. It is not met with as 

an article of com- 
merce, but an examina- 
tion of the starch is 
desirable, as oatmeal is 
used for a variety of 
purposes. 

When examined under 
the low power it appears 
to consist of a mixture of 
large and small grains, 
but, when the former are 
examined under the high 
power, they are seen to be 
compound grains consist- 
ing of a large number of small angular grains, into which they 
readily separate. In this respect the starch resembles rice starch. 

Most of the component grains are angular, but some are 
lemon-shaped, round or semicircular ; these form a valuable 
means of ffistinguishing the starch from rice starch. Neither 
hilum nor striations are visible. 

The simple grains average about 10 jii in diameter and the 
compound 35 to 45 fi. 

Oatmeal contains fragments of the seed-coats, pericarp, 
and paleffi, which may be utilised to establish the identity of 
the meal. 

(9) Bean Starch. — (Fig. 128, p. 238) Prepare a little starch 
from a haricot bean {Phaseolus vulgaris, Linn.) in the same 
manner that maize and rice starch were prepared. 
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Fig. II. — ^^Oat Starch. X240. 
(Greenish and Collin.) 
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The larger grains are ovoid, elliptical, or somewhat reniform 
in outline ; sometimes they are obscurely three- or four- 
sided, with very rounded angles, the smaller grains being often 
rounded. Through the hilum there usually extends along the 
long axis of the grain, and almost from end to end of it, a 
large, irregular, branching cleft that appears nearly black and 
is therefore very conspicuous ; more delicate fissures often 
radiate towards the periphery. The striations are usually 
well marked. In length the grains vary from 25 to 60 fi, 
30 to 35 /X being common measurements. 

Examined in glycerin or in alcohol, the grains exhibit no 
cleft, but this gradually appears when they are irrigated with 
water. This phenomenon is probably due to swelling of the 
grain in contact with water. 

The starches of the commoner leguminous foods (pea, 
bean, lentil, &c.) exhibit a remarkable similarity in size and 
shape. It is not, therefore, very difficult to recognise such a 
starch as being derived from a leguminous plant, but the deter- 
mination of the species that has yielded it, is by no means easy 
(compare the descriptions and illustrations of leguminous flours 
in Section X). 

(10) Pea Starch. — (Fig. 125) The starch of the seeds of 
Pisum sativum, Linn. The grains of pea starch are rather 
smaller than those of bean starch, the majority measuring 
from 20 to 40 fjb. Some of the grains are oval-oblong, others 
rounded, or sub-reniform in shape ; many are irregularly 
enlarged, so that their outline appears composed of arcs of 
circles of varying radius. The appearance of the hilum varies. 
In some specimens there is a conspicuous dark central cleft, 
as in bean starch ; usually, however, it is less branched, 
smaller, and less conspicuous. In others there are but few 
grains with such clefts, the majority possessing simply an 
elongated hilum. Dark transverse clefts are also occasionally 
to be found. Radial fissures are comparatively common. 
Most grains are also distinctly striated, especially near the 
periphery, the central portion often presenting a more or less 
homogeneous appearance. 

■ (ii) Lentil Starch. — (Fig. 127) The starch of the seeds of 
Lens esculenta, Moench. 

Lentil starch is intermediate in character between pea starch 
and bean starch. Most of the grains are simple and elliptical. 
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ovoid, or rounded in shape ; some of them exhibit irregular 
enlargements, like those of the typical grain of pea starch. The 

hilum is less branched and 
less conspicuous than that 
of bean starch, and usually 
not so dark ; it often appears 
as a dark cleft extending 
almost the entire length of 
an oval grain, which then 
bears some resemblance to 
the flat side of a coffee bean. 
The striations are delicate, 
but they are usually visible. 
Most of the grains measure 
from 20 to 40 fji in length. 

(12) Tous-les-mois. — The 
starch known as Tous-les- 
mois or Queensland arrow- 
F1G.12. — Tous-les-mois Starch. X240. root is obtained from the 
(Greenish and Collin.) rhizomes of Canna edulis, 

Linn., and other species of Canna. The grains recall those of 
potato starch, but they are much larger, most of them ranging 
from 60 to 95 /i, although they occasionally reach 130 //.. 

In shape they are broadly ovoid, oblong, or elliptical ; 

many are flattened at 
the anterior extremity, 
and bear in addition 
a slight prominence 
opposite the hilum. In 
some grains similar pro- 
minences are observable 
on the sides, in others 
there is a distinct 
shallow depression on 
one side. The hilum is 
usually a point, often 
dark and, in most 
grains, very eccentric 
(itof). The striations 
are very distinct and regular. The grains differ, therefore, 
from potato starch in size, shape, and striation. 
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Fig. 13. — Curcuma Starch. X240. 
(Greenish and Collin.) 
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(13) Curcuma Starch. — The starch obtained from Curcuma 
angustifoUa, Roxb., and other species of Curcuma. It is often 
termed East Indian arrowroot. The grains are broadly ovoid 
or oblong, sometimes inclining to reniform or sub-reniform ; 
they are usually rounded at the posterior extremity, but often 
taper rather abruptly at the other, frequently terminating in 
a nipple-like projection, in or near which the hilum is situated. 
The latter is commonly very eccentric ; when not visible its 
position can be ascertained by following the concentric striations, 
which are usually distinct, at least in the large grains. The 
grains are so flat that when viewed on their edges they appear 
rod-shaped. The average size is from 36 to 60 yu. 



dC E C 

Fig. 14. — Sago Starch. X240. Fig, 15. — Sago. X240. 

(Greenish and Collin.) (Greenish and Collin.) 


Many scitaminaceous plants contain a starch of this 
type. 

(14) Ginger Starch (Fig. 168). — The starch of Zingiber 
oftcinale, Roscoe. Ginger starch resembles curcuma starch 
in general aspect. The grains are, however, smaller, varying 
mostly from 20 to 35 y in length ; they are rather thicker, and 
bear some resemblance to a sack tied at the neck. 

(15) Sago. — Sago is prepared from the moist starch of the 
sago palm, Metroxylon Sagu, Rottb., by heating and stirring 
it until it agglomerates into small rounded granules ; this form 
of the starch is often distinguished as pearl sago. 

Soak a little sago in water for a few hours ; crush a granule 
or two on the slide with water, and examine. 
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Some of the starch grains have been more or less gelatinised 
by moistnre and heat. 

Observe, first, the starch grains that are intact or nearly so. 
They are ovoid, broadly ovoid, muller-shaped, or irregularly 
three- or four-sided with rounded angles. Some are simple, 
but others bear, on as many short protuberances, one, two, or 
three flattened surfaces to which smaller grains have been 
attached, thus forming compound grains. Small grains may 
occasionally be found presenting one flat surface. The hilum 
is eccentric, but is usually more or less altered by gelatinisation. 
In most of the grains the striations are only indicated, but in 
some they are very distinct. In length the intact grains vary 
from 30 to 50 or 60 p.. 

Next proceed to study the grains that have been altered to 


f 

Fig. r6. — ^Taplaca Starch. X240. Fig. 17. — ^Tapioca. X240. 

(Greenish, and Collin.) (Greenish and Collin.) 

varying degrees by the moist heat to which they have been 
subjected. In. many of these gelatinisation has commenced 
near the hilum, and converted the central portion into a trans- 
parent gelatinous mass ; in such grains fissures may be seen 
leading towards the posterior extremity. In others a con- 
siderable proportion (one-fourth or one-third) of the graia 
has been gelatinised; others have been converted into a 
gelatinous mass in which but little structnre is visible, although 
the original shape may be to some extent retained ; these have 
been usually enlarged by swelling. Lastly, numerous iehris of 
completely gelatinised grains may be found (compare the 
experiment on the gelatinisation of potato starch). 

(16) Tapioca, — Tapioca is prepared from the starch obtained 
from the tubers of Manihot Mtilissima, Pohl. The method of 
preparation resembles that of sago. 

Treat tapioca as directed for sago. 
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Examine the intact starch grains first ; they are small, and 
the presence of one or two flat surfaces points to their having 
formed component parts of compound grains. Many are 
muller-shaped ; they often have one flat surface, sometimes 
two forming an angle where they meet. The hilum is usually a 
point or small cleft, and eccentric. The grains that appear 
muller-shaped when lying on their sides are circular when 
standing on end, and then the hilum appears central. 
Striations are visible only in some of the larger grains. 

The majority of the ungelatinised grains vary from 15 to 
25 in length, but they may reach as much as 36 those that 
are gelatinised being much larger. 

Many of the grains exhibit the effects of heat similar to 
those shown by sago. The centre first becomes gelatinous, 
then radial fissures arise, especially in the peripheral portion. 
In many grains that are completely swollen the original shape 
of the grain is distinguishable ; others have become converted 
into a shapeless gelatinous mass. 

Dextrin. — Crude dextrin can be conveniently examined in 
alcohol, in which it is insoluble, and which effects no appreci- 
able alteration in it. The starch grains from which it has 
been prepared have usually suffered but little visible change, 
and the variety can therefore be easily identified ; usually it 
is potato starch. 

On irrigating with water the grains swell a little and become 
translucent, the change progressing from the periphery towards 
the centre ; the striations become very conspicuous, the 
grains partially dissolve, and finally solution becomes almost 
complete. 

Dextrins that have been prepared by solution in water, 
decolorisation, and evaporation exhibit no such structure, 
the particles being amorphous, colourless, and angular ; they 
assume a reddish colour with solution of iodine. 

Amylodextrin. — Here and there in the vegetable kingdom, 
among drugs and spices, particularly in mace, parenchymatous 
cells are to be observed which contain small irregular granules. 
These granules vary exceedingly in shape. They are often 
elongated, with irregular wavy outline, and not unfrequently 
exhibit rounded or oval protuberances. They are seldom oval 
or rounded, as starch grains are. In size they range from 5 to 
15 jjb. They are characterised also by yielding a reddish-brown 
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or reddish-violet coloration with iodine, a reaction which 
distinguishes them at once from starch grains. 

These remarkable granules are believed to consist of amylose, 
together with amylodextrin and a variety of dextrin that is not 
coloured by iodine. Amylodextrin is intermediate between 
starch and dextrin. 

Notes on the Examination of Starch 

The adulteration of one starch with another is detected by 
mounting a carefully bulked sample in water, examining with 



Fig. i 8. — ^Amylodextrin of Mace. (Tschirch.) 


the microscope, and comparing, if necessary, with a sample 
of known genuineness. No report should be given without, if 
possible, such comparison. 

The detection of starch as an adulterant of other (especi- 
ally powdered) drugs should invariably be confirmed by 
the iodine test, in order to avoid mistaking minute 
particles of other substances (aleurone grains, fat, &c.) for 
starch grains. 

In the examination of a starch for substances other than 
starch it is often advisable to remove by suitable means the 
starch that is present, and thus concentrate into a small com- 
pass any foreign substance present. This may be effected 
by either of the following methods : 
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(a) Mix 5 grammes of the starch with 10 grammes of 25 

per cent, hydrochloric acid, warm to 40° C., dilute 
with 10 grammes of water, and allow the insoluble 
particles to subside. 

(b) Boil 2 grammes of the starch with 20 c.c. water, cool to 

about 40° C., and add 10 c.c. of a filtered infusion of 
malt ; keep the mixture at about 40° C. until the 
gelatinised starch is dissolved. It can then be set 
aside to deposit. 

In both cases the use of a centrifuge will rapidly 
effect the separation of the deposit, which can thus be 
quickly washed and examined. 

Compare also the isolation of the fragments of bran from 
wheat flour (Section XI, p. 299). 
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SECTION II 

HAIRS AND TEXTILE FIBRES 

INTRODUCTION 

The substances that were the subject of investigation in 
Section I required but very little preparation to bring them 
into a fit state for microscopical examination, and their structure 
was so simple that this examination was very easy. With 
textile fibres the case is rather different. Not many of them 
are met with in such a condition that they can be mounted 
and examined w'ithout previous preparation, and often both 
careful and accurate observation is required before the minute 
differences that distinguish one fibre from another can be 
detected. Even to the experienced microscopist the identi- 
fication of a textile fibre frequently presents considerable 
difficulty. 

Cotton and flax fibres frequently find their way into micro- 
scopical preparations, and it is therefore desirable that the 
student should be able to recognise them. Hemp, jute, and 
Manila hemp are among the most valuable textile fibres. 
Wool is an example of a common animal fibre. 

Fibres are identified by their morphological characters 
rather than by their chemical reactions. The apex, base, 
lumen, thickness of the cell wall, various markings, presence 
of a cuticle, &c., afford the most valuable information. The 
chemical properties often vary considerably, according to the 
treatment the fibres have undergone. Bleaching may com- 
pletely remove the lignin from lignified tissues and effect other 
changes. In employing microchemical reagents, care must 
be taken to apply them always in exactly the same manner. 

It is not intended that the student should do more now 
than make himself familiar with the general characters of 
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the most important iibnts and tlic metliods adopted in 
examining tliem. 

Those that dc^sint to |)ursiut the study of tliis important 
subjed furthi*r must be referred to works ^ dealing speeially 
with it* 

Cotton Wool 

Source.—Cotton wool consists of tlui liJiirs that cover 
the sc*(xls (if vari(;us sp(*cii‘s of Gossypmm. Thes(i liairs are 
S(t{)arated fniin thcj svi'ch by machinery, and, after passing 
throiigli various j")nicess(!s, tuv, spun into yarn. 

Mounting,— Procure, if possil)lct, a little raw cotton, or, 
failing that, a little^ ordinary, non-absorbcnit cotton wool. 
Moisten a few tlireads with a drop of alcohol on the slides, 
all(iw most of tint alcolujl to (waporate, add a drop of water, 
cover witli a cc)V(‘rsli{>, aaid (examine under tlu*. higher pow(‘r. 

Examination.—Thii hairs usually latsemblc more or less 
twisted ribbons, thc! edges of which are considerably thickened 
(fig. 19, a, h), but som(dim(*s the cell wall is thick, the lumen 
narrow, and t!u‘ hair but little twisted. The surface is not 
(juite smooth, but a|>pears d(dicat(?ly granular, or striated, the 
striations l^tnng frecpnaitly oblkput ; thes(i markings are on the 
cuticle which tiiVers tlie hairs. With a little sitarching an 
aj>ex as well as l>ase of a hair may be found and (txamiiuid. 

(*otton hairs attain a ve.ry conside.rabkt length, ranging 
fnun 10*3 mm. (Bengal cotton) to 40*5 mm. (seta ishind 
cotton), hi traiisvt‘rs(t section they exhibit a flattened, nni- 
finin, dumb-lK^lbslnipcd, or irntgular outline, and a narrow 
elongated ( avity ; they vary frc;m o'oix to 0*042 mm. in 
width (Wiesner), and (liffer from many otluu* fibres in bedng 
always isolated and sf^khnn exhibiting a circular or polygonal 
s(*c*tion (comjnrt* p. 30). 

The. student slankl skeicdi Hat middk* portion and apex 

of a Imir. 

Reaetions, Irrigale a f«*w hairs (if possi 1 )l(s of raw cotton) 
mounted in watn* witli fn^shly })n*pared cuoxam (sca^ list of 
reagmls) ; they rapidly swcdl and dissolve, with tlm excerption 
of a very thin, delicate rmnibrune, the; cuticle, wliich will 

^ \Vi€S..rier, Mnh%inlle dfi% I*fiamenfmch€$^ Vienna, Fartfi 7 arid 8 ; ven 
liaiincrl, />ir Mthnnhiipm tkr iechnisch-mrwmdaim I^^aMirsioffs (and ediiien)? 
Ueo.lM*r|.s Paptfrpruiupt^% Berlin, ; CrnsH and Bevan, Tex^ Book of 
Paper Makings l.c>iidon, njcty ; Matthews, Tixtik Fibres^ Now York, 1909. 
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encircle the swollen hair at intervals and produce constrictions 
sharply alternating with large expansions. 

This reaction depends on the presence of and thickness of 
the cuticle and succeeds better with Indian than with American 
cotton, and better with raw than, with bleached and manu- 
factured cotton, from which the cuticle may be entirely absent. 

Mount a fresh preparation in water ; remove the water ; add 



iG. rg. (^tton Fibres, a, a, central portions of mature hairs ; 
0, weaker hair ; c, strongly thickened hair ; d, apices of hairs ; 
e, dead hair from unripe seed. (Hanausek.) 


one or two drops of solution of iodine in potassium iodide (a 
I per cent, aqueous solution of potassium iodide, saturated 
with, iodine: von Hohnel, 1887) ; allow the reagent sufficient 
time to be absorbed by the cotton ; remove the excess by 
filter paper so that the cotton is nearly dry, then add sulphuric 
acid (concentrated sulphuric acid 3 volumes, water i volume, 
g ycerin 2 volumes : von Hohnel), cover with a coverslip and 
examine. The hairs assume a reddish- or bluish- violet colour ^ 


the colour urodncf^a • of the sulphuric acid reagent influences 

the fibre, which should be 
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(cellulose reaction), whilst the dried protoplasm in the cavity 
remains brown. 

Mount a fresh preparation in water ; remove the water ; 
dry by pressing on the fibres a piece of filter paper from which 
the loose fibres have first been removed by drawing it across 
the hand ; drop on one drop of solution of chlorzinciodine, 




Fig, 20. — Cotton Fibres in cuoxam. ce^ cellulose wall swollen by the 
reagent ; cu^ encircling rings of cuticle, which is not swollen ; 
inner membrane lining the cavity. (Hanausek.) 

stir gently, cover and examine. In applying solution of 
chlorzinciodine to fibres do not deviate from this pro- 
cedure, so that constant results may be ensured. The 
hairs gradually acquire a reddish- or bluish- violet coloration 
(cellulose reaction). 

Mount a few threads in a saturated aqueous solution of 
picric acid, warm gently for a few moments, and cool ; the hairs 
are not stained yellow (distinction from animal wool, which 
stains yellow in hot solution of picric acid). 
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Diagnostic Characters. — Cotton fibres may be identified by 
the following characters ; 

{a) by the flattened, twisted fibre, with thickened edges ; 

(5) by the presence of an irregularly granular cuticle ; 

(c) by the blunt apex ; 

(d) by the absence of transverse markings. 

Flax 

Source. — Flax consists of the bast fibres from the stem 

These are separated 
from the plant by the 
processes of retting, 
scutching, heckling, &c., 
for a description of 
which reference should 
be made to one of the 
works dealing specially 
with the subject. 

Mounting. — Procure 
from a rope-maker a little 
raw flax; cut off a few 
fragments, and examine 
them in water or chloral 
hydrate. The threads 
consist chiefly of groufs 
of bast fibres. Here and 
there fragments of cell 
debris can be seen ad- 
hering to the fibres ; these 
are the remains of the 
parenchyma of the flax stem, which has been imperfectly 
removed from the fibres. Particles also of cell contents of a 
greenish colour often remain attached to the fibres, and 
obscure their minute details. 

Separation of the Fibres. — Boil a little flax in a lo per- 
cent. solution of sodium carbonate for half an hour, using a 
reflux condenser to prevent the solution from becoming too 
concentrated ; pour off the alkaline solution, wash the flax 
with distilled water, and preserve it in dilute alcohol. 

Take a little, and separate the constituent bast fibres by 


of Linuni usitatissimum, Linn. 


V 





Fig. 21. — Flax Fibres, e, apex of a fibre ; 
If longitudinal aspect, x 400 ; q, trans- 
verse section, xzoo; v, transverse 
markings, (von Hohnel.) 
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pulling them ap.ii t with tlic fingiTS, (ir by cantfully leasing tliein 
out with the needles in a (Imp of water on the slide. Heinovc 
the water, nunint in a drop of dilute glyeeriu, and exaiuine. 

Examination. The individual iibr<‘s ar(( now more or 
less rompletsdy separated from ont! another and freed from the 
cell ili’hris and ermtents that were: i>reviously adhering to 
them. Under a high power the walls of each libre are .seen 
to be Very thi'k, and faintly Imt distiuetly striated; the 
‘iivity is narrow and uniform in width, and eoutains a lilth* 
granular matter (remains of pritt(tpla.sm). 

K.’Cainine tht* walls minutely. Here and then* d«‘lieafe 
r»bli»jue lines <an In* tleteeted, oftejl crossing one another (tig. 
21, v), and the fibres frec|uently show .slight local enlargement. 
These apjM’aranees have been referred to injuries iudicled 1)y 
the mechanical processes tt» which the fibres have been sub- 
jected ; they may therefou! vary in frequency in different 
viirielicsof flax. The tminjured bast fibresof the plant have been 
found to exhibit no such striations or protuberant .swelling,s. 

•Mount a few prepared threads in chloral hydrate ; the 
transverse lines are more distinct. ICxamine this preparation 
with the low i>ower, and search for the tapering pointed ends 
of the tihres ; a h-w of these are generally to he found. 

Mount a few threads in i hlorzim iodine as directed on p. 27 ; 
the ctdour is darker than that given by cotton, and brownish 
rather than reddish-violet, the stronger fibres assuming a 
» hara( feristic greyish colour. 

Skett h ;i p(»rf ion Intin the middle <if a fibre, and also one 
of the ends. 

Reactions,- The treatment with sodium carbonate doe,s 
not apfueriably interfere with the reactions of the fibre, of 
whh h the following are the most important : 

Stain a few* of the prep.inxl and disintegrated fibres with 
iodine and sulphuric ai id, ;(s detailed fitr cotton. The filircs 
slowly assume a reddish- or bluish-violet colour ; th(! trans- 
verse lines, bi'ing the fust part to colour, are at tliat moment 
parti* ul.irly lonsjiii nous. The cavity contains a yellowish- 
luown granular substance (remains at protoplasm). 

Mmmt a little of the tlax in water and irrigate with ru<<xam ; 
the tihjes H%wli and dissolv*- at (mce, leaving a mimife thread 
from the centre undissolveti. 'Hie swelling is often irregular 
,ind res«mbie.s th.at exhibited by many c«tt<»n libre.s, but it does 
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not show the sharp constrictions of the typical cotton fibre, 
nor are any delicate fragments of cuticle left after solution. 

Preparation of Transverse Sections.^ — Prepare transverse 
sections of some flax fibres as follows : 

Take a number of threads of flax, without previous treat- 
ment with sodium carbonate, and draw them between the 
fingers until they are fairly straight; then moisten them with 
gum and glycerin and make them into a single rounded strand 
about as thick as a blanket-pin, taking care to keep the fibres 
straight.. Let this strand dry thoroughly (in a warm place for 
twenty-four hours) ; fix it firmly in cork, and cut with a sharp 
razor transverse sections as thin as possible. Transfer these 
to a slide; drop on alcohol to free them from air, and mount 
in glycerin or a mixture of glycerin and alcohol ; water may 
also be used, but many of the fibres, released from adhesion 
to the others, will assume a horizontal or oblique position. 

Still better results may be obtained by first immersing the 
fibres in nitrobenzene for a few minutes, pressing between 
filter paper, rolling them in a solution of pyroxylin (5) and 
camphor (i) in ethyl acetate (94) and drying. The slender 
rod thus obtained may be repeatedly dipped in the pyroxylin 
solution, partially drying after each dipping, and finally dried 
by exposure to the air. The sections may be examined in 
water or dilute glycerin. 

More elaborate methods of embedding in celloidin may be 
adopted, but the above process is simple and sufficient. 

The section will exhibit a number of groups of bast fibres, 
each group consisting of several fibres. The fibres are very 
thick-walled and uniformly polygonal in outline, and have very 
small cavities. There are no intercellular spaces. 

Diagnostic Characters. — ^The following are the chief 

diagnostic characters of flax fibres : 

(а) The transverse sections are uniformly polygonal, and 

have very small rounded cavities ; the fibres are 
usually grouped. 

(б) The fibre consists entirely, or almost entirely, of cellulose ; 

hence it yields a red^sh- or bluish-violet colour with 

' For tie sake oi completeness the directions for preparing transverse 
sections are introduced here, "but the student who has not had considerable 
ejqierience in section-cutting is recommended to content himself for the 
present with the separation and examination of the fibre. 

Directions for cutting sections will he found under ‘ Ergot/ 
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iuciiiii* arui sulphuric* ac'i<l and dissolves in cuoxarn ; 
is no rutirlc*. 

(r) lliv filirts rxliihit fransv(*rst* lines. 

(i/) dim riicis ta}K*r gradiiully to lim* pcnnls. 

Hemp 

Source, ilciup is olitained In an (annulns IJnn. 

^riir nlm-H are separated iroin the* sican by a inc‘tliod similar tcj 

111, it adopted fur tlax. 



|, 2 ,, .. Ifrrjsu cm ihr left, the a|i»efu #>f twe fibm ; cm 

ihr ttrhU fioiii the tmaaie; m the umtre, tnut^veme 

-.rfiiuu-., fi, laam ii iimr tite : d htnieii ; m, 

mriair bifirlU; ,s Srh, 'anatiuri^-j ; t\ inmwrrHe nr nhhqtin 
nsiikmir^. ^^■’*»** linhitd.) 

Preparation and Examination.— l*r«*i):u'«' iifinp f<*r *'x;iiiii- 
n.tlinn for il.is, 

'I III’ !ii»r> , , ;,I1 ;i1mi !»i* hy maii-nttiriK in u in pm* 

njif. •..-Intinij i.f arid in ililnti- sulphuri<' arid until a 

strand tak< n f.ut n-;idilv vparalfs into its ( onstituriits ; the 
mnaind' r ran th«ui,i' w.tslii-d.and«-saninn-d:isdin't ted fur flax. 

Diagnostic Charactors.Muiup filtrcs very duM-ly ri'scmhlc 
Il.tx ; tia-v shuw similar swidliiigs and tniiisviT.se lines, and 
.iPa, . ..Ir r t alniust etitiiviy <»f t ellulnse. They may Ik* <lis- 
tniKHisli' d Itv tile foli'iwiiig features ; 

(a) In tiansv. fse s. ( fiuns tin- civitius are rnmparatively 
large and nv.d <*r <;hingated. 
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(&) The ends of the fibres are usually blunt, or almost spathu- 
late, and sometimes forked. 

(c) They often have tufts of hairs at the Imots. 

{dj With chlorzinciodine they give a greenish colour, turning 
to reddish-violet. 

(e) The coarser varieties often have cell debris attached to 
them, among which cells with brown contents, portions 
of the epidermis with warty hairs, and cells with rosettes 
of calcium oxalate are to be noted as distinctive. 

Jute 

Source. — Jute is obtained from Corchorus olitorius, Linn., 
and C. capsularis, Linn. 





Fig. 23. — Jute, e, apices of fibres ; /, fibre with constricted 

lumen ; /', fibre with, septate cavity ; q, transverse sections of 
fibres. (Hanauseh.) 

Preparation and Examination. — As directed for flax. 
Diagnostic Characters.— 

(a) Jute fibres are quite smooth ; they show no longitudinal 

striations and no transverse lines. 

[b] They are particularly distinguished hy the size of the 

cavity, which is not uniform throughout the length of 
the fibre, but exhibits, at intervals, contractions caused 
by a corresponding increase in the thickness of the walls. 
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which may occasionally be so great as to completely 
obliterate the cavity ; this variation in the size of the 
cavity is conspicuous in the transverse sections of the 
fibres, some of which have large and others small cavities. 

(c) They are lignified.i 

[d) The ends of the fibres are blunt, sometimes almost 

spathulate. 

Manila Hemp 

Source. — Manila hemp is obtained from Musa textilis, Nees. 

Preparation and Examination. — As for flax. 



Fig. 24. — Manila Hemp, e, 5, apices of fibres ; /, /, central portions ; 
crushed fibre ; q, transverse section of coarse fibres ; q\ 
transverse section of fine fibres ; i, fibre with proteid contents ; 

Sy s', stegmata - with depressions, g. (Hanausek.) 

1 Bleaching often destroys the lignin ; bleached fibres may therefore give a 
bluish or violet colour with iodine and sulphuric acid, or with chlorzinciodine. 

2 Stegmata are cells that accompany the bast fibres of certain plants and 
remain attached to them when the fibres are separated from the stems. They 
occur only in ferns and monocotyledonous plants. Among the textile fibres, 
those derived from Musacese, Pandanaceae, and Palmae are alone characterised 
by the presence of stegmata. They generally contain nodules of silica, 
which may be found in the ash of the fibre, but the cell wall is not usually 
siliceous. (Wiesner.) 


34 


HAIRS AND FIBRES 


Diagnostic Characters. — 

{a) The fibres are smooth, and show neither longitudinal 
nor transverse marMngs or swellings. 

(b) The cavity is large and uniform, the fibres gradually 

tampering to fine pointed ends. 

(c) The walls are lignified. 

The fibres are usually accompanied by oblong scleren- 
chymatous cells which are not stained by chlorzinc- 
iodine, but are coloured yellow to red by phloroglucin 
and hydrochloric acid. 

(e) In section they are rounded or polygonal, and show 
large cavities and small intercellular spaces. 
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Fig. 25. — Various Forms of Fibre from Sheep's Wool. (Hanausek.) 


Shcep^s Wool 

Source. — The raw, unwashed wool of the sheep. 

Preparation. — If a few fibres of raw wool he examined in 
water, droplets of fatty matter will be seen adhering to them ; 
these can be stained with tincture of alkanna (for details 
compare ' Lycopodium ’), and consist of the wool fat naturally 
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fragments of the sericin sheath may still be adhering. They 
are coloured brown by solution of iodopotassium iodide and 
are stained yellow by picric acid. They dissolve rapidly in 
concentrated sulphuric acid, and also in boiling concentrated 
hydrochloric acid, the silk of B. mori dissolving in half a 
minute, while the other varieties take longer. They are slowly 
soluble in cuoxam. These characters are sufficient to distinguish 
silk from the other fibres. 


The student may advantageously supplement the examina- 
tion of the foregoing fibres with the examination of a few 
samples of linen and cotton fabrics, lint, filter paper, &c., 
taking care to separate, in the fabrics, the warp from the weft, 
and examine each separately. In papers, especially in the finest 
qualities of filtering paper, the fibres often exhibit considerable 
disorganisation, due to the mechanical treatment to which they 
have been subjected, and are then difficult to recognise. 
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SECTION III 

SPORES AND GLANDS 

INTRODUCTION 

The dnigs that are treated of in this section do not require 
any elaborate preparation to fit them for microscopical obser- 
vation. They differ from the substances that have already 
been discussed, inasmuch as their contents require particular 
examination. 

Lycopodium 

Source. — Lycopodium is a pale yellow, very mobile powder 
consisting of the spores of Lycopodium clavatum, Linn., and 
probably other species. 

Mounting.— When thrown upon the surface of water lycopo- 
dium floats, and hence is with difficulty mounted in that 
medium for microscopical examination. The following method 
of procedure is the best ; Place a small drop of alcohol on the 
slide, and mix a little lycopodium with it ; allow most of the 
alcohol to evaporate, and then add a drop of dilute glycerin. 
The lycopodium will now mix easily with the dilute glycerin, 
and be free from the air bubbles which otherwise cling to it so 
p ertinaciously. 

Examination. — Examine first under the low and then under 
the high power. Observe the characteristic shape of the spore ; 
it resembles a low, broad, triangular pyramid resting upon a 
convex base ; this shape is evidently produced by the mutual 
pressure of the spores in the cell in which they were formed. 
Examine the delicate network that covers the convex base of 
each spore, and extends over the flat sides nearly, but not quite, 
to the angles they make with one another. This network con- 
sists of raised, colourless, transparent ridges, which appear as 
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reticulate markings on the surface of the spore, but are seen 
on the edge to project above it. From the edge of the spore 
teeth appear to stand out, between which a delicate membrane 
is stretched ; the teeth are the raised ridges seen edgewise, 
the membranes are the ridges seen lengthwise. 

Sketching.— Proceed next to sketch three or four spores, 
selecting such as are lying in different positions, so that the 
sketch may represent (Afferent aspects of the spore. Draw the 
outline of the spore first. Next count the number of reticula- 
tions that are visible both transversely and longitudinally; 
introduce these into the sketch, taking care to represent their 
shape as accurately as possible and preferably by single, not 
double, lines. In counting the number of reticulations raise 
and lower the tube of the microscope, if necessary, so as to 
focus successively each part of the surface observed. On the 
curved base, for instance, the reticulations are not all upon the 
same plane, and therefore cannot all be distinctly seen at one 
and the same moment. They are nevertheless represented on 
the sketch as though that were the case. 

Examination of Contents. — ^Mount a fresh slide, using water 
in the place of dilute glycerin. Press the coverslip firmly 
on to the slide with the handle of a pen or of a brush, so as to 
crash some of the spores. Examine the slide under the micro- 
scope. Some of the spores will have burst, usually along one of 
the angles, and discharged their liquid contents, which assume 
the form of globules. If the spores do not burst, repeat the 
pressure on the coverslip. 

Identify these globules as fixed oil by the following characters 
and reactions : 

(1) They appear as globules of unifom colour, bounded by 

a mnm dark line ; there is no broad black border or 
bright centre (distinction from air bubbles). 

(2) Irrigate the slide with tincture of alkanna diluted with 

an equal volume of water at the moment of using ; 
the globules absorb the colouring matter and assume 
a reddish tint. 

(3) Irrigate a fresh slide with a drop or two of solution of 

osmic acid ; the globules rapidly assume a dark brown 
colour, the whole spore gradually colouring as the 
reagent penetrates into it and comes in contact with 
the oil that it contains. 
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(4) Irrigate a fresh slide with solution of Soudan red ; the 
globules are coloured brilliant red. 

The reactions 2, 3, and 4 are the principal colour reactions 
for fixed oil, and should be carefully studied. Volatile oils 
yield the same reactions, but may be distinguished by their 
ready solubility in alcohol. 

Adulterations. — The most frequent adulterations of lyco- 
podium are starch, the pollen of various plants, especially of 
coniferous trees (pine pollen), and powdered resin. 

The pollen grains of most Abieteas bear, on each side, a hollow 
vesicle produced by dilatation of the exine ; hence their shape 
is extremely characteristic. 

The pollen grains of the hazel are nearly spherical, and ex- 
hibit three pores. Those of most other plants differ so notably 
from lycopodium spores as to be distinguishable at first sight. 

Starch may be recognised by its appearance and identified 
by the iodine test. 

Resin readily soluble in alcohol is precipitated when the lyco- 
podium, moistened with alcohol, is mixed with dilute glycerin ; 
resin difficultly soluble in alcohol appears as colourless, angular 
fragments in the preparation. 

Inorganic matter can also be detected under the micro- 
scope, but in this case chemical examination is to be preferred 
(determination of the ash, &c.) 

Lupulin 

Source. — Lupulin is a yellowish-brown granular powder 
consisting of the glands obtained from the strobiles of the hop, 
Humulus Lupulus, Linn. 

Mounting. — Procure some fresh hops ; from one of the 
strobiles remove some of the bracts ; these may be recognised 
by the minute fruit enfolded at the base. Examine a bract 
with a hand lens, and observe the pale or golden yellow glands 
that are scattered over the base ; this is lupulin. 

Transfer some of the glands to a slide, using a needle or 
small brush for the purpose; or hold the bract over the slide 
and tap it smartly with the needle. Moisten with alcohol, 
and immediately add a drop of glycerin. Do not allow the 
alcohol to remain long in contact with the glands, as it 
rapidly penetrates them and dissolves the contents. Lower 
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the coverslip carefully, for even slight pressure is sufficient 
to burst the glands and cause them to discharge their 
contents. 

Examination. — Examine them under the low power. Each 
gland consists of a single hemispherical layer of cells, the 
common cuticle of which has been raised, dome-like, by the 
secretion of oil between it and the cell walls. This cuticle 
bears the impressions of the cell walls upon which it originally 
rested ; they are frequently visible under the high power. 




s 


Fig. 27. — Lupulin Glands, x 100. i and 2, side views ; 3, seen 
from below. (Vogl.) 


The cells of which the lower half of the gland consists can 
frequently be distinctly discerned. 

Sketching. — Sketch two or three glands in different posi- 
tions, as described on p. 38. 

Contents. — Crush the glands by pressing gently on the 
coverslip ; observe the granular mixture of oil and protoplasm 
that exudes. The presence of oil can be detected by the re- 
agents mentioned on p. 38. 

Adulterations. — Lupulin is not often adulterated, but it is 
generally very impure, containing sand, vegetable debris, &c. 
These are easily distinguished from the characteristic glands. 
Sand is usually in colourless fragments of irregular angular 
shape. Vegetable debris can be recognised by their cellular 
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structure (best seen after mounting in solution of chloral 
hydrate). 

— It is often necessary to prepare and examine several 
slides of lupulin before glands are found exhibiting their 
structure well. Too much pressure on the glands may be 
obviated by introducing a few splinters of a coverslip. Cona- 
mercial lupulin is not well adapted for examination ; the glands 
are usually dark in colour and much shrunken, hence their 
structure is not easily discerned. The oil in the gland does not 
usually exist in the globular form shown in the figure, but will 
often assume it after treatment with solution of potash. 

Kamala 

Source. — Kamala is a fine, granular, mobile powder of a dull 
red colour. It consists of the hairs and glands that cover the 
fruits of Mallotus philippine-nsis, Mull. Arg. Even to tlxe 
naked eye it appears heterogeneous. 

Mounting. — Mount a httle kamala as directed for lupulin. 
E-ramine with the low power ; groups of hairs and small 
gamet-red glands can he distinguished ; particles of sand and. 
of vegetable tissue are often also present. 

Examination. — ^Examine the preparation under the higli 
power ; each group of hairs consists of a tuft of thick-walled, 
short, pointed, divergent hairs which contain sometimes air, 
sometimes a granular substance, sometimes a reddish resin. 
Occasionally they are divided hy delicate transverse walls into 
two or more cells. Observe that the hairs are seldom single. 
The glands are so deep in colour that their structure cannot 
be discerned and it becomes necessary to subject them to some 
suitable treatment. 

Mount a fresh portion of kamala in solution of potash, 
without previously moistening it with alcohol ; the alkali 
readily dissolves the red resin, forming a deep brownish-red 
solution. Irrigate gently with solution of potash until the 
colour is almost completely removed. 

Examine now with the low power, and, having selected a. 
suitable gland, examine it more closely with the high power. 
It consists of a nimiber of elongated cells, radiating in a more 
or less regular manner from a common centre, and enlarged 
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at their free extremities. Observe that they are enclosed 
by a delicate membrane ; this is the cuticle that has originally 
covered the secreting cells, but has been raised in the same 
way as the cuticle of the hop gland. The resin has been 
contained in the space between the cuticle and the cells, 
secretion having taken place on the radial as well as the outer 
wall of each cell. 

Sketching. — Sketch, under the high power, a small group of 
hairs and two or three glands in different positions. Represent 



Fig. 28. Kamala (x about 140J, showing two glands with their 
secreting cells and three groups of hairs. (Moeller.) 


accurately the apex, the thickness of the wall, and the shape 
of each hair. 

Adulterations. — Kamala is often grossly adulterated, but 
its characters are so well marked that it is easy to identify the 
hairs and glands of the genuine drug. 

Vegetable deiris often occur in it, but should not be present 
in excessive quantity. Minute fragments of reddish sand arc 
frequently to be found in great numbers. Coloured starches 
have also been observed ; these can be identified in the usual 
way, after decolourising them, if necessary, with alcohol. 

The hairs and glands of Flemingia sp. (wars or wurrus) 
bear a general resemblance to kamala, but the hairs are usually 
single, and the glands contain secreting cells arranged in four 
or five tiers, instead of radiately. 
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ERGOT 

Source. — Ergot is the compact mycelium of Claviceps 
purpurea, Tulasne, developed in the inflorescence of Secale 
cereale, Linn. 

Preparation. — Put a few well-developed ergots into a dish 
or beaker with a little wet blotting paper ; cover the dish, and 
allow them to remain for a few hours. After exposure in this 
way to an atmosphere loaded with moisture the ergots will 
lose their rigidity and become flexible. In this condition they 
are well suited for cutting. 

Most drugs are either so hard or so brittle as to require 
softening before sections can be cut from them. The most 
favourable condition is an almost tough or waxy one ; 
neither so hard as to afford great resistance to the razor, 
nor so soft as to be flaccid. In many cases this can be most 
satisfactorily attained by exposing the drug to a moist atmo- 
sphere until it has acquired the desired condition. Such 
treatment is well adapted for soft drugs, such as leaves 
generally (very leathery ones excepted), many parenchymatous 
roots and rhizomes, &c. It is often preferable to soaking in 
water, which is liable to make soft drugs too soft and flaccid, 
and entails free contact of the various cell contents with water, 
which is often undesirable. Hard drugs, on the other hand, 
such as woods, woody barks, many roots, rhizomes, &c., require 
soaking, often prolonged for several days, in water or dilute 
glycerin. Others, again, require hardening in alcohol after 
soaking in water, as, for instance, cloves. No specific instruc- 
tions, therefore, applicable to all cases can be given, but the 
aim should be to bring the drug into a waxy condition, if pos- 
sible without soaking it in any liquid at all. 
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Embedding.— One of the ergots properly softened must next 
be embedded in elder-pith ; this can usually be obtained from 
an optician or from one of the clockmakers in Clerkenwell. 
Select a piece about the thickness of the little finger and break 
off a couple of inches ; lay it on the table, and halve it length- 
wise. Each half should have the shape of a half-cylinder. 
Cut in each half a depression to receive the ergot ; break the 
latter across the middle, and fix one half between the two 
pieces of elder-pith so that the transverse surface of the ergot 



Fig. 29. — Showing the manner in which the razor should be grasped. 

(Behrens.) 

is just below that of the elder-pith ; bind them firmly in 
this position with a strong thread. The ergot is now ready 
for cutting. 

Cutting Transverse Sections, — ^Bend the forefinger of the 
left hand and hold the elder-pith firmly but lightly between the 
thumb and the first knuckle-joint of the forefinger, the surface 
of the ergot being nearly level with the edge of the finger. 
Take the narrow steel tang of the razor between the thumb 
and forefinger of the right hand, so that the thumb is nearly 
parallel to the blade while the forefinger bends over it ; the 
remaining three fingers then bend over the handle of the razor, 
and thus hold it securely but lightly. 

Holding now the elder-pith and razor as directed, rest the flat 
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part of the blade on the forefinger of the left hand, with the 
heel of the blade near the pith ; then draw the razor from left 
to right, gently advancing it towards and through the pith so 
as to cut off a thin slice. Use the edge of the forefinger as a 
guide for the razor blade, which should preferably have the side 
that rests upon the finger ground flat. Cut in this way about a 
dozen or more sections, transferring them from the blade of 
the razor to a small glass dish containing a little water. 

Mounting and Examination. — Select one of the thinnest 
sections ; transfer it with a small brush to a drop of water on 



a slide ; cover with a coverslip and examine, first under the 
low, and then under the high power. Observe the margin of 
the ergot ; it is a narrow dark brown line which on closer 
investigation, especially where the section is thin, is seen to be a 
layer of small cells with dark brownish contents. Here and 
there are fragments of ill-defined tissue outside the dark line ; 
they are the remains of the outermost portion, which has 
perished. Within the brown line the cells show an oval, 
rounded, or elongated oval outline, the entire section consisting' 
of such cells. 

Contents. — ^These cells contain minute globules, and similar 
globules may be found scattered in the mounting medium near 
the section. They resemble oil globules. Apply the osmic 
acid tet ; they gradually stain brown, showing that they con- 
sist, partly at least, of oil. 
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Mount a section in chloral hydrate ; the oil collects into 
large globules. (The oil appears to exist intimately associated 
with proteid matter ; this the chloral hydrate dissolves, setting 
free the oil in minute globules, which then easily unite into 
larger ones.) The cavities of the cells become more con- 
spicuous. 

longitudinal Sections. — Cut now from an ergot, by two 
transverse cuts, a small piece about 3 millimetres long. 



Fig. 31. — ^Ergot of Rye. Transverse section, cleared. (Yogi) 


Embed this in pith and cut longitudinal sections. Examine 
these. They present a structure very similar to that of the 
transverse section, but there are a greater number of cells "with 
elongated oval outlines. 

The ergot consists of a number of tubular cells (hyphae) 
which interlace with one another and are so compact as to 
form a solid body. Although the cells run in all directions, 
there is a somewhat greater tendency for them to assume a 
longitudinal than a transverse position ; hence in the longi- 
tudinal section the cavities are slightly more elongated. These 
cells contain chiefly fixed oil (osmic acid reaction) and the 
remains of protoplasm. 
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WOODS 

INTRODUCTION 

Objects of the Investigation. — The student should now 
proceed to the examination of more complex organs. In 
approaching this part of the subject, he must bear in mind thni: 
the principal object sought is an accurate knowledge of tlio 
structure of the drug under examination. In the case of tlio 
woods, for example, his investigations should enable him to 
answer the following questions : 

1. Of what elements is the wood under examination com- 

posed ? 

2. What is the exact nature of these elements, the form of 

the cells, the markings on the walls, the material of 
which they consist ? 

3. What are the contents of these elements (starch, calcium 

oxalate, resin, volatile oil, colouring matter, &c.) ? 

4. How are these elements arranged ? 

5. What are the particular characters of the elements 

present, or their arrangement, that would enable us to 
distinguish this drug from other similar ones ? 

From a medicinal point of view the woods can. scarcely bo 
called an important class of drugs, hut the great variety of 
technical uses to which various woods have been put renders i± 
very desirable for the student and analyst to be acquainted witln 
the methods adopted in the examination of them, and with tho 
chief features by which one wood may be distinguished from 
another. The question of the identity of a wood is constantly 
arising, the problem to be solved being, usually, whether tho 
wood used for a particular purpose is the wood it purports to 
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be, or Avhetlier a cheaper aad less valuable oae has been substi- 
tuted for it. Wood pulp is very largely used in the manufacture 
of paper, aad, consequently, in the examination of paper the 
recognition of wood pulp becomes very necessary, even after it 
has undergone the process of bleaching, by which the reactions 
yielded by the original wood are considerably modified. Wood 
may also be present in various surgical bandages, and is some- 
times met with in powdered drugs, into which it may have 
been either intentionally or accidentally introduced. 

Before proceeding to investigate the structure of medicinal 
woods, the student should study the general structure of wood 
in his text-book of botany 4 

Definition. — By the term ' wood ' botanists 2 understand all 
the secondary tissues produced hy the cambium on its inner 
surface. This definition includes the softer, largely parenchy- 
matous tissues that lie within the cambium ring of such a drug 
as calumba root, as well as the hard lignified tissues of which 
guaiacum, quassia wood, &c., are composed. In this section of 
the work, however, only those drugs that are grouped together 
by pharmacognosists under the term ' ligna ' will be considered. 

Typical Structural Elements. — ^The following are the chief 
types of elements that are met with in the woods, but it must 
not be forgotten that many intermediate forms occur. 

1. Vessels. 4. Wood parenchyma. 

2. Tracheids. 5. Cells of the secondary ‘ 

3. Wood fibres. medullary rays. 

I. Vessels . — These may usually be recognised by their com- 
paratively large size, but they are more particularly charac- 
terised hy the perforations in the transverse walls, by which 
a superposed row of cells has been converted into a vessel. The 
manipulations to which the tissues are subjected in separating 
the various elements from one another result in a separation 
of the vessel into the elements from which it was formed ; 
these may be recognised by the perforations in the transverse 
walls (fig. 32, a). 

The length of the vessels is not an important factor, but 
the width should be observed, although frequently vessels of 

^ Viaes, Student's Text-Booh cf Botany, p. 134 et seq., p. ig5 et seq. 

- Strasburger, Noll, Sclienck, und Karsten, Lehrhuch d. Bctanih, iqo8, 
p. 130. 
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varying size are found in the same drug. Indeed, the student 
should remember that absolute size is not always a very reliable 
character, as, under different circumstances, the absolute size 
may vary. Relative size, on the other hand, is more valuable, 
for the circumstances that increase the size of one element also 
increase that of the others, and the relative size therefore 
remains constant. More important than the size of the vessel 



Fig. 33. — Various Forms of Vessels, i and 2, spiral; 3, annular, 
passing into spiral ; 4, scalarif orin ; 5, witli bordered pits and 
scalariform perforation of oblique -wall ; 6, with simple pits and 
double spiral ; 7, reticulated ; 8, tracheid, with, bordered pits 
and double spiral ; 9, with, bordered pits. (Vogl.) 

are the size and character of the pits on its walls (fig. 33). These 
may be large or small, round, angular, or elongated ; they may 
be simple or bordered ; all such details should be carefully 
noted. 

The secondary wood never contains annular or spiral 
vessels. 

2. Tracheids . — ^Tracheids are distinguished from vessels by 
their development from a single cambial cell, vessels being 
formed from a superposed row of cambial cells. They do not, 
therefore, as a rule, exhibit perforations by which superposed 
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tracheids communicate with one another (compare ipecacu- 
anha wood, which is exceptional in this respect). They are 
usually elongated, and have rounded or tapering, but not 
sharply pointed, ends (fig. 32, c ) . Their chief function being 
the transmission of water, they are commonly free from cell 
contents, but in forms intermediate between tracheids and 
wood parenchyma they may serve as storage cells for reserve 
material. From true wood parenchyma they are distinguished 
especially by their prosenchymatous form ; from vessels by 
their smaller size, and by the absence of perforations. Their 
walls usually bear small bordered pits, but in the tracheids 
of coniferous woods the pits are very large. In examining 
tracheids attention should be paid to the same points as 
mentioned in the previous paragraphs for vessels. 

Cells that occupy a position intermediate between true 
tracheids and wood parenchyma have been called ‘ inter- 
mediate ' or " fibrous ’ cells. Like tracheids, each fibrous cell 
is developed from a single cambial cell, whereas several wood 
parenchyma cells are produced from a single cambial cell by 
transverse walls. They differ from true tracheids by being 
usually shorter and having more rounded ends, but particularly 
in serving as storage cells for reserve material. Fibrous cells 
may be thin-walled or thick-walled. 

3. Wood Fibres . — ^These commonly form the principal con- 
stituent element of woods. They are usually long and narrow, 
and taper gradually at each end to a fine point (fig. 32, e and /) . 
As their function is purely mechanical, they are destitute of 
protoplasmic contents, and do not act as storage cells for starch 
or other reserve material. They are developed from a single 
cambial cell, but their cavities are sometimes divided by very 
delicate transverse walls (chambered fibres). Their pits — 
which, as a rule, are not very numerous — are narrow, elon- 
gated slits, which may be simple or bordered, and are usually 
arranged in a left ascending spiral (left oblique). In deter- 
mining the nature of the pits, care must be taken to examine 
longitudinal (radial or tangential) sections rather than the 
elements that have been separated from one another by diges- 
tion with nitric acid and potassium chlorate, or with chromic 
acid (see later), as after treatment with these reagents both the 
borders and the pits themselves are less easy to see. In deter- 
mining the direction of the pits it is necessary to be quite sure 
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that the upper, and not the lower, wall of the cell is in focus, 
as one is very liable to focus through the cell to the lower 
wall. The breadth of the cell and the thickness of the wall 
should also be noted, as these details sometimes form means by 
which the wood fibres of one drug may be distinguished from 
those of another. The length may also be of service, but not for 
identifying powdered woods, as the fibres are in that case mostly 
broken. Although true wood fibres never contain starch, they 
may, nevertheless, contain resin (guaiacum wood, red sanders 
wood) or volatile oil (yellow sandal wood), &c. The colour of 
the fibres and the nature of their contents may therefore be 
valuable indications of identity. 

4. Wood Parenchyma , — ^Typical wood parenchyma cells are 
developed from a cambial cell by transverse division, and this 
origin can often be traced in the parench3nnatous cells isolated 
from woods ; very frequently a row of several superposed rect- 
angular cells is terminated at both extremities by a bluntly 
conical one. Their walls are often moderately thick and freely 
pitted with simple pits. They often contain starch, calcium 
oxalate, &c. 

The distribution of these cells, the thickness of their walls, 
the number, character, and distribution of the pits, as well as 
the nature of the contents, should be carefully determined. 

5. Cells of the Medullary Rays . — ^When isolated these are 
scarcely to be distinguished from the cells of the wood paren- 
chyma, but in sections, or in such fragments as are often found 
in powdered woods, they may be identified by their position and 
arrangement, for whereas wood parenchyma cells have their 
long axes parallel to the long axes of the wood fibres or vessels 
that accompany them, the long axes of the medullary ray cells 
are transverse to these. 

Here, also, the same particulars should be studied as have 
been indicated for the wood parenchyma, and, in addition, the 
height and breadth of the medullary rays as exhibited by a 
tangential section. 

Diagnostic Characters. — ^The principal diagnostic characters 
of woods are to be found in 

{a) The elements of which the wood consists, especially 
the presence of any element of unusual form, or the 
absence of any element of general occurrence; for 
instance, the absence of wood fibres and wood 
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parenchyma (pine wood, &c.), presence of oil cells, 
ducts, &c. 

{b) The structural details of the elements present, especially 
the shape, thickness of wall, form and distribution of 
the pits. 

(c) The distribution of the tissues, especially the arrangement 

of the wood parenchyma, grouping and distribution of 
the vessels, the width and height of themedullary rays. 

(d) The contents of these cells, particularly calcium 

oxalate and, if present, the crystalline form that it 
assumes, the presence of starch grains and the shapes 
they exhibit. 

(e) The size of the elements. In this respect it must be 

observed that the absolute size may vary according to 
the age of the trunk, but the relative size is always 
constant ; hence, although the absolute size should 
be determined, greater weight is to be laid upon the 
relative size of each variety of cell present, when com- 
pared with the others. 

Although the examination and identification of powdered 
woods are by no means without interest or importance, the 
student is advised to refrain from that part of the subject until 
he has further advanced in his studies. 

Quassia Wood 

Source. — The quassia wood official in the British Pharma- 
copoeia and used in this country is obtained from Picrcena 
excelsa, Lindl. In Germany that obtained from Quassia 
amara, Linn., is also employed. 

Quassia wood is one of the most suitable woods for the 
student to investigate, on account of its relative softness and 
the ease with which it can be separated into its constituent 
elements. 

Preparation for Cutting 

From a small log of quassia wood saw off a disc about 
2 cm. thick. Split from this disc, by cuts passing through its 
centre, one or more wedge-shaped pieces, and remove the bark ; 
the wood will present somewhat the appearance of fig. 34. 

The surface of this piece of wood that is transverse to the 
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i long axis of the log is the transverse surface, and any section 

taken from that surface, or parallel to it, is a transverse section 
(fig. 34, tr). 

The surface exposed by cutting the disc downwards through 
^ the centre is a radial surface, because the cut is coincident with 

a radius of the disc. A section taken from this surface, or from 
any surface exposed by a radial cut (not by a cut parallel to 
the radius), is a radial section (fig. 34, r.). 

The surface exposed by cutting the disc downwards at right 


1 



Fig. 34. — Piece cut from a pine stem four years old. i, 2, 3, 4, the 
wood produced in the four successive years ; Vy ty tVy the radial, 
tangential, and transverse surfaces respectively ; 6, bark ; r, 
cambium ; m,Y.y medullary ray on transverse section ; m'.r'.y 
the same on radial section both in wood and bark ; m"y\y the 
same on tangential section ; r, resin dust (on transverse section) ; 
py pith. X 6. (Strasburger, Noll, Schenck, and Schimper.) 

angles to the radius is a tangential surface, because the cut is 
made parallel to a tangent of the disc. A section made from 
this surface, or any surface parallel to it, is a tangential section 

(fig- 34. t)- 

Smooth the transverse surface with a sharp penknife, and 
examine it with a lens. Observe the medullary rays running 
in the direction of radii ; they are sufficient to indicate the 
nature of the surface exposed (fig. 34, m.r.). 

Do the same with a tangential surface, taking care, by 
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pvaminin g the transverse surface, to see that the tangential 
surface is exactly at right angles to the medullary rays,; if this 
be not the case, oblique sections will be obtained which are 
difficult of interpretation. Observe on the tangential surface 
■^Tuall elongated-oval naarkings (fig. 34, m".r".) ; these can be 
traced on the edge of the piece of wood, and can be identified 
with the medullary rays. Their particular appearance is 
sufficient to identify the surface as a tangential one. 

Next cut a radial surface, taking great care that the cut 
passes as nearly as possible along a medullary ray ; this can be 
done by comparing the transverse surface, and paring away 
the wood until the cut passes along a medullary ray. Examine 
the radial surface, and observe that the medullary rays are 
evident as narrow bands, easily distinguishable from the 
remainder of the wood by their Afferent appearance (fig. 34, 
m'.r'.). 

The student should not, on any account, fail to make him- 
self familiar with these three surfaces. Having done so, he 
can cut the piece of wood in varying oblique directions and 
examine the appearances of the sections. In cutting trans- 
verse, radial, or tangential sections of wood, he should also be 
very particular to have them as nearly exact as possible, as 
their interpretation is, thereby, much facilitated. 

The term ‘ longitudinal ’ section is often employed to denote 
a section parallel to the long axis, and hence either radial 
or tangential. Since the term lacks precision, care should be 
taken in employing it. 

Separation of the Elements 

The student will find it most profitable to begin by sepa- 
rating the wood into its component structural elements, and. 
examining them. 

From a radial surface cut with a penknife ten or twenty 
narrow, thin slips or shavings, some about i cm. long, 20 mm. 
wide, and 2 mm. thick, others thinner. Transfer them to a. 
test-tube half full of nitric acid of specific gravity about i'3 
(two volumes of official nitric acid diluted with one of water 
answers very well) ; add to this from i to 2 grammes of 
potassium chlorate in crystals, and warm gently until evolution 
of gas commences. The pieces of wood first darken in colour 
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and then bleach. Let the action continue, maintaining a 
gentle evolution of gas by warming, if necessary, from time 
to time, until glistening fibres are seen to be separated from 
the pieces of wood when the tube is gently shaken. Stop the 
action by carefuUy pouring the whole of the contents of the 
tube into a beaker of water. From this transfer the fragments 
of bleached wood by means of a glass rod to fresh water, and 
finally to alcohol. In this they should remain a little time (if 
possible a few hours) to remove the gas that accumulates in the 
cells. 



Fig. 35. — Quassia Wood. Elements isolated by potassium chlorate 
and nitric acid, cryst., the membranes in which calcium oxalate 
crystals have been enclosed; /, wood fibres; m.r.y cells of 
medullary ray; par.y wood parenchyma; Vj vessel, xioo. 

This process is known as Schulze’s maceration process, and 
the mixture of nitric acid and chlorate of potash as Schulze’s 
maceration mixture (to be carefully distinguished from 
Schultze’s solution, which is chlorzinciodine). The strength of 
nitric acid and the time necessary for disintegration vary with 
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different drugs, and cannot, therefore, be definitely stated. If 
the reaction is stopped too soon, the wood will not separate into 
its elements ; if allowed to progress too far, the whole will be 
oxidised and destroyed. 

Take one of the pieces of bleached wood from alcohol, and 
transfer it to a drop of water on a slide ; tease a small frag- 
ment with the dissecting needles until it separates into its 
component elements ; cover and examine under the low power. 
Do not add glycerin, as it makes the cells too transparent. 

Cells of the following forms will be found : 

{a) Wood fibres (fig. 35, /), conspicuous by reason of their 
length and tapering ends. Observe the width of the 
cell, the thickness of the wall, and the scattered 
oblique pits (not always easily seen, especially if the 
light is too strong). 

(b) Wood parenchyma (fig. 35, par.), recognisable by the 

oblong shape of the cells and the rounded pits in the 
walls. They often contain delicate membranes that 
present a quasi-crystalline appearance ; these are the 
membranes that have enveloped calcium oxalate crys- 
tals (see below). Sometimes several cells adhere end 
to end, the terminal ones being bluntly conical. Such 
a row of cells is developed from a single cambial cell 
by transverse division, and illustrates the formation of 
wood parenchyma. 

(c) Cells of the medullary ray (fig. 35, m.r.). These closely 

resemble the wood parenchyma ; but they occur in 
plates of cells more often than in single rows, and, 
when they adhere to wood fibres, cross these at right 
angles ; indeed, their position constitutes the sole 
means by which they can be distinguished from wood 
parenchyma. 

{d) Vessels (fig. 35, v). Although these are by no means 
so numerous as the wood fibres, wood parenchyma, or 
cells of the medullary rays, they are not difficult to 
find. They are readily identified by their much larger 
size, cylindrical shape, and numerous pits. On careful 
examination, the remains of transverse walls with large 
perforations can often be distinguished. 

The student should now sketch two or three of each kind 
of cell. 
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The most careful search will not disclose any other cell 
forms, and quassia wood is therefore built up of these elements. 
It remains to be seen how they are arranged. 

Preparation and Examination of Sections 

Radial Sections. — Soak a wedge of the wood in water for 
twelve hours or, as only traces of starch are present, boil it 



Fig. 36. — Quassia Wood, radial section, cv.y crystals of calcium 
oxalate ; m.r. medullary ray ; par.y wood parenchyma ; w.f^y 
wood fibres, x 320. 

for fifteen minutes. Smooth the transverse surface with a pen- 
knife, and examine it with a lens ; make certain that the 
radial surface is exactly radial ; if it is not, trim it with a 
knife until it is. Make on the radial surface a pencil mark 
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about 3 mm. square, or rather less. Split the wedge, and cut 
out the pencil mark to a depth of 5 mm. so as to obtain a 
rectangular fragment, the small end of which bears the pencil 
mark. Fix this fragment in pith, so that the pencil mark is 
level with the surface. Cut several sections, rejecting the first 
two or three. Be careful to draw the edge of the razor, from 
heel to point, across the wood, and avoid any motion similar 
to that used in sharpening a pencil. 

Transfer the sections, as cut, to spirit, in which they should 
remain for several minutes ; mount one in dilute glycerin 
(equal parts), taking care to spread the section out with the 
needles, if necessary. Cover and examine. If the section 
contains many air bubbles, warm it until the liquid gently 
hoils, and cool. 

Identify on this section (or others if necessary) all the 
elements that have been previously observed and sketched. 

The medullary rays will be conspicuous as broad bands of 
cells extending along the entire section, provided that it has 
been truly radial ; most of these cells are elongated in the 
direction of the radius. 

The wood fibres are easily found. They are long and narrow, 
and assume a direction at right angles to the medullary rays. 
The tapering ends are not easy to see, as the fibres interlace ; 
hence the dissociation treatment is valuable, as it is the only 
means by which the shape of the fibre can be accurately 
ascertained. 

The cells of the wood 'parenchyma are axially elongated ; 
they are not so numerous as the wood fibres ; from the cells of 
the medullary rays they are distinguished by their axial (not 
radial) elongation. 

The vessels are very large, but only a portion of the pitted 
wall can, as a rule, be found ; large spaces between the wood 
fibres indicate the position of the vessels, the walls of which are 
often cut away. Examine the pits carefully ; they are bordered. 

Observe, in the cells of medullary rays and wood parenchyma, 
large crystals of calcium oxalate.^ They are enclosed in 
delicate membranes, which are invisible until the crystal is 
dissolved away, when they are left behind (compare the 
examination of the dissociated cells). 

^ It must be observed that in some specimens of Jamaica quassia wood, 
calcium oxalate crystals are difficult to find. 
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Observe also occasional small grains of starch (iodine 
reaction). 

Sketch a small portion of the radial section, taking care to 
include part of the medullary ray. 



Fig. 37. — Quassia Wood, tangential section, m.r., medullary rays 
(the pits in the walls of the cells are rather too conspicuous) ; 
w.f.y wood fibres, x 320, 

Tangential Sections. — In the same way prepare a piece of 
wood for tangential section, taking care, by examining with a 
lens, that the surface marked is really the tangential surface. 

Observe in this section wood fibres, wood parenchyma, and 
vessels, presenting the same appearance that they did in radial 
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section. The medullary rays, on the other hand, are cut trans- 
versely to their length, whereas in the radial section they are 
cut parallel to their length. The tangential section, therefore, 
exhibits the height and breadth of the medullary rays, which 
take the form of elongated oval groups of cells inserted 
between the wood fibres. Count the average number of cells 
in the length and greatest breadth of the rays. Beyond this 
do not examine the section further. 

Sketch a portion of the section. 

Transverse Sections. — Lastly, cut in a similar manner trans- 
verse sections. Examine first the medullary rays. These 
exhibit their length, but the breadth is seen only at the particular 
point at which they happen to have been cut (compare the 
tangential section) ; hence they are mostly two or three cells 
wide, but occasionally as many as four (middle of a large ray) 
or as few as one (upper or lower extremity of a ray) . Observe 
that the cells appear radially elongated. 

Next examine the vessels. Their large size makes them 
conspicuous. They are usually in small groups of two or three, 
often extending from one meduUary ray to the next. 

The remainder of the wood must be composed of wood fibres 
and wood parenchyma, since no other elements are present. 
These are, at first, not very easily distinguished from one 
another. 

The wood fibres have thick walls ; the cells are polygonal in 
outline, often var5dng much in size, according to the point in 
their length at which they have been cut ; they do not exhibit 
pits or any transverse walls with pits. 

The wood parenchyma cells have comparatively thin walls, 
are of more uniform size, and more regularly rectangular ; they 
often exhibit pits, and sometimes crystals. They occur mostly 
in groups stretching from ray to ray, and often form irregular 
rings on the section of the trunk (false annual rings) . 

Sketch a small portion of the section. 

Take a fresh section, transfer it to a drop of water on a 
slide ; remove the water by filter paper, add one or two drops 
of solution of phloroglucin, and cover with a watch-glass. 
After two or three minutes (longer for delicate experiments) 
remove the phloroglucin solution by filter paper, add a drop of 
strong hydrochloric acid, cover with a coverslip, and examine. 

All the cell walls should have assumed a deep crimson red 
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colour, an indication that they are lignified. The calcium 
oxalate is dissolved by the acid ; the membranes in which the 
crystals were enclosed remain, and in favourable sections 
(tangential or radial) may be seen also to be lignified. 

The student should now sum up the results of his investi- 
gation as follows : 

(i) The only elements present are wood fibres, wood paren- 
chyma, vessels and cells of medullary rays. 



CK par. m.r. 


Fig. 38, — Quassia Wood, transverse section, cr., crystals of calcium 
oxalate, enclosed in delicate membranes ; m.r., medullary ray ; 
paY., parenchyma of wood ; w.-f.y wood fibres, x 320. (After 
Meyer.) 

{2) The medullary rays are four to twenty cells high and 
one to four cells wide ; they are mostly ten cells 
high and three cells wide. The vessels are sometimes 
single, more often in groups of two or three ; the 
wood parenchyma is mostly in bands extending from 
ray to ray. 

(3) The cell walls are all lignified. The wood paTench57ma 
and medullary rays contain calcium oxalate in single 
crystals, and, here and there, a little starch. 

{4) The wood fibres are long and taper gradually to fine 
points ; they have moderately thick walls. 
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A comparison of the anatomical structure of the ofi&dal 
qnaissia wood with that of Surinam quassia will illustrate the 
value of these characters. Surinam quassia has medullary rays 
that are mostly one cell wide, and is free from calcium oxalate ; 
the official (Jamaica) quassia has medullary rays from one to 
four cells wide, and contains calcium oxalate. 

Other Methods for separating Tissues into their 
Elements 

Although Schul2e’s maceration mixture is the method 
usually adopted, it is by no means the only one, nor is it in all 
cases the best. 

Isolation fiy Chromic Acid. — A solution of lo per cent, of 
chromic acid in dilute sulphuric acid forms a very useful 
oxidising mixture, capable of destroying the middle lamella 
and thus isolating the cells. It is best used as follows : 

Cut several sections (preferably radial and not too thin) and 
immerse them in a watch-glass containing twenty to thirty 
drops of the solution. From time to time transfer a section 
with a glass rod to a drop of water on a slide, wash with one or 
two drops of water, and tease it a little with the needles or press 
it with a glass rod. As soon as the trial section easily separates 
into its elements, transfer the remaining sections carefully to a 
dish of water. Mount one in a small drop of water and cover 
with a coverslip ; a little pressure on the coverslip, accom- 
panied by a sliding movement, will bring about the separation 
of the cells. 

The time required varies with the object and temperature ; 
from ten to thirty minutes often suffice. 

Isolation by Mangin’s Method. — Mangin’s method of 
separating the cells is based upon his belief that the middle 
lamella consists of calcium pectate. The sections are first 
digested for forty-eight hours in a mixture of alcohol (4 volumes) 
and hydrochloric acid (i volume) ; this dissolves the calcium 
as chloride, leaving the pectic acid undissolved. The sections 
are then, digested in a 10 per cent, solution of ammonia or 
ammonium oxalate, which removes the pectic acid as pectate. 
The middle lamella having been thus dissolved, the cells separate. 

This method is not so suitable for woods as either the nitric 
acid or chromic acid method. 
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Richter’s Method. — Richter has shown that a strong solution 
of ammonia answers a similar purpose, but it requires a much 
longer time (14 days) and is more suitable for parenchymatous 
tissue than for wood. 

Vetillard’s Method. — This depends upon the action of 
boiling 10 per cent, solution of sodium carbonate, and has 
already been described in Section II. It is specially suitable 
for the purpose there indicated. 

Digestion with Potash. — Isolation by caustic potash is 
particularly well adapted for parenchymatous tissues (leaves, 
&c.) but not for wood. Fragments of the objects are digested 
in water containing from i to 5 per cent, of caustic potash, in a 
water-bath, for ten to thirty minutes ; they are then washed 
free from alkali with distilled water, and the cells separated by 
teasing with the needles. The treatment with caustic alkali 
is liable to produce swelling of the cell wall, which has always 
to be taken into consideration. 

Putrefaction. — By this means the layers of cells in the 
pericarp of the wheat and other grains can be loosened and 
separated. The grains are crushed, mixed with water, and set 
aside in a warm place (20° to 30° C.) for several days. The 
layers are then separated by teasing and stripping. 

Tests for Lignifkation 

Phloroglucin.— -The best test to detect lignification of the 
sell wall is that by phloroglucin and hydrochloric acid, as 
iescribed on p. 62. The following, however, are useful, and 
;he student should make himself familiar with them. 

Chlorzineiodine. — This reagent is best applied by mounting 
i section in water (without the coverslip), removing the water 
IS completely as possible by filter paper, dropping a drop of the 
eagent upon the section, covering, and examining. While 
;ellulose assumes a bluish or violet colour with the reagent, 
he lignified cell wall is stained yellow. If, however, the extent 
if the lignification is slight, the yellow colour may be over- 
)Owered by the blue cellulose reaction. 

Iodine and Sulphuric Acid. — ^The mode of using these re- 
gents has already been described (p. 26) ; the lignified cell 
yi-all assumes a j^ellow colour. 

Aniline Hydrochloride, with or without hydrochloric acid, 
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colours the lignified wall yellow, and is useful when the presence 
of acid is objectionable. 

The substances that produce these colour reactions are 
destroyed by strong oxidising agents, and are removed by pro- 
longed digestion with caustic alkalis ; hence the isolated 
elements, after maceration with nitric acid and potassium 
chlorate, or with caustic potash, may not give the lignin 
reaction. Many other reagents for the detection of hgniflca- 
tion of the cell wall have been proposed, but none of them 
have come into such general use as the phloroglucin test. 

Removal of Air from Sections 

Air bubbles frequently occur in microscopical preparations, 
sometimes in small, sometimes in large numbers. In the former 
case they seldom materially interfere with the examination of 
the preparation, but in the latter their removal is often neces- 
sary. They may be recognised by the wide black margin sur- 
rounding a brilliant centre. When lying free in the mounting 
medium they appear circular, but in cells they usually fill the 
cavity and assume the outline of the cell. 

One of the following methods may be adopted for removing 
them : 

(1) Transfer the sections to strong alcohol, and allow them to 

remain in it until freed from air ; the time necessary for 
this varies from fifteen minutes to twelve hours. The 
method is usually successful, but takes time, and has 
further the disadvantage that all cell contents soluble, 
in alcohol, such as volatile oil, resin, &c., will be dis- 
solved, and possibly other changes induced. If the 
structure only of a drug is to be studied, this is seldom 
objectionable, but, for the examination of the cell 
contents, other means of attaining the object must be 
adopted. 

(2) Heat the sections in water, dilute glycerin, or other 

medium until the liquid boils ; keep it gently boiling 
for a few seconds, then cool. This method also entails 
alteration of the cell contents, and not unfrequently 
alteration of the cell wall, which has a tendency to s'well 
under these conditions. It is, however, effectual and 
often resorted to, especially for sections of hard tissues. 
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which may be thus treated on the slide (covered with a 
coverslip). 

(3) Place the sections in a dish of recently boiled and cooled 

distilled water ; allow them to remain until the water 
has dissolved the air, for which usually several hours 
are necessary. The method is very effectual, and 
entails but little change in cell walls or cell contents, 
hence it is in many cases preferable to the first two 
methods. Care must be taken to boil the water for 
ten minutes, to cool it thoroughly, and to use it in 
abundance, say from 25 to 50 cubic centimetres for 
a dozen sections. 

(4) Place the sections in a small dish of water under the 

receiver of an air-pump, and exhaust the air. By this 
means the air is rapidly and effectually removed from 
the sections ; unfortunately, an air-exhaust is not 
always at hand, otherwise this would probably prove 
the best and easiest means of getting rid of air. 

The student should be careful to bear in mind the disad- 
vantages of the various methods enumerated, and to select that 
method which will best answer for the particular section to be 
treated. 

Guaiacum Wood 

Source. — ^The official guaiacum wood is the heart wood of 
Guaiacum officinale, Linn., and of G. sanctum, Linn. 

Preparation. — On account of its extreme hardness, guaiacum 
wood is not easy to cut ; it requires prolonged soaking in water 
or dilute glycerin. The structure may be equally well deter- 
mined by the examination of the pale sapwood or of small 
fragments that have been boiled for fifteen minutes in solution 
of potash, but in these cases the localisation of the resin cannot 
be ascertained. 

The sections may be examined in glycerin. The elements may 
be separated by macerating radial sections in chromic acid. 

Description. — The transverse section shows that the bulk of 
the wood consists of very strongly thickened wood fibres, 
which are often cut more or less obliquely, due to the varying 
course which they take in the stem. In section they appear 
polygonal or nearly rounded. Isolated by chromic acid (or 
other means) they are seen to be mostly of moderate length 
(400 to 600/4) and very thick-walled; they either taper 
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gradually to a fine point or are abruptly narrowed towards 
the end, not unfrequently forking at or near the extremity. The 
pits are scattered clefts, and are numerous. 

The vessels are mostly large and isolated, seldom two or 
three together. They have thick, pitted walls, and are often 



Fig. 39. — Guaiacum Wood, transverse section, m.y., medullary 
ray ; par., wood parenchyma ; y, vessel ; ze/./., wood fibres. 

X320. (After Berg.) 

filled with yellow resin. In surface view the walls are seen to 
bear very numerous small pits. 

The wood parenchyma cells are arranged in narrow tan- 
gential bands, usually one cell wide, but sometimes two or 
three ; such bands often stretch continuously from one 
medullary ray to the next, and so form false annual rings. 
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In these cells calcium oxalate crystals are by no means 
uncommon. 

The medullary rays are one cell wide and (in tangential 
section) from four to six cells high ; they often assume a 
sinuous course, deviating to allow room for the vessels. The 
cells are pitted, and are strongly elongated. 

The vessels, wood parenchyma, and medullary rays of 
the heart wood are filled with yellow or brown resin, which also 
seems to permeate the walls of the wood fibres and even be 
present in the cavity. In the cells of the wood parenchyma 
a large crystal of calcium oxalate can occasionally be found. 



Fig. 40. — Yellow Sandal Wood, transverse section, x 200. (Petersen.) 

Yellow Sandal Wood 

Source. — Yellow sandal wood is the heart wood of Santalum 
album, Linn. 

Description. — ^The medullary rays are from one to three, 
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often two, cells wide and about six high ; the cells are strongly 
elongated, and have large pits. 

The wood consists principally of thick-walled wood fibres. 
The vessels are mostly isolated and large, varying from 50 to 
80 in diameter. The wood parenchyma is small in quantity ; 
it is distributed in tangential or oblique groups of from two to 
five cells, not often long enough to extend from one medullary 



Fig. 41. — Yellow Sandal Wood. Elements isolated by chromic 
acid and showing the volatile oil (in the vessel some only of 
the pits have been introduced). X300. 

ray to the next. Here and there a large crystal of calcium 
oxalate can be seen ; in radial or tangential sections, axially 
extended rows of from ten to fifteen such crystal cells can be 
found. 

Thin longitudinal slices (or rather thick sections) can readily 
be separated into their constituent elements by maceration in 
chromic acid solution. After replacing the reagent by water 
the elements can be examined. Globules of oil (which stain 
with alkanna or osmic acid) are to be seen in all of them, but 
the wood parenchyma and medullary rays appear to contain 
most. The oil dissolves readily in alcohol (distinction from 
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most fixed oils), and is doubtless the volatile oil that imparts 
to the wood its characteristic aroma. It is remarkable that 
in this case the oil is not secreted in special cells, but is found 
in all the constituent elements of the wood. 

The wood of Fmanus acuminatus, R. Br. (South Austrah'a), 
is distinguished from that of Sa/ntalum album by the arrange- 
ment of the vessels ; these mostly form radially extended 
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Fig. 42. — ^Wood of Fusanus acuminatus^ Fig. 43. — Venezuelan Sandal 
transverse section, x 200. (Petersen.) Wood, transverse section. 

X 200. (Petersen.) 

groups of from two to five. The wood contains but little 
calcium oxalate, and, in tangential section, the medullary 
rays often exhibit an elongated terminal cell which adjoins 
a similar cell belonging to a ray above or below.^ 

The wood of Amyns balsamifera, Linn. (Venezuelan Sandal 
Wood) exhibits vessels arranged in long radial rows, and 
both these and the wood parenchyma contain a yellow 
resin, but only a little volatile oil can be detected by osmic 
acid. 

The student should compare figs. 42 and 43 with fig. 40, 


^ Petersen, Pharm. Journal [3], xvi. 757, 
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and observe attentively the differences in structure which 
enable these woods to be easily distinguished from one 
another. 

Pine Wood 

From a fragment of pine wood (ordinary firewood will 
do) cut radial sections; transfer them to alcohol; mount 

one in dilute glycerin and 
examine. 

Observe the large bordered 
pits on the radial walls of 
the tracheids.i 
Cut and examine tangen- 
tial sections ; the large pits 
previously seen in surface 
view are now mostly seen in 
section, the tangential walls 
bearing smaller pits. Ob- 
serve particularly the section 
of the pit (compare the sec- 
tion of a bordered pit in the 
text-book of botany) . 

Disintegrate a little of the 
wood by maceration with 
potassium chlorate and nitric 
acid ; with the exception of 
the medullary rays, the wopd 
consists entirely of tracheids. 

From a little pine saw- 
dust sift some of the finest 
powder. Examine in dilute 
glycerin. The pits are easily 
seen and identified ; some present their surface view, others 
their section. 

The student should not fail to make himself familiar with 
the microscopical characters of sawdust, as it is often found 

In tile illustration similar bordered pits are seen on the cells of the medul- 
lyy ray. That is the case with the outer rows of cells of the medullary ray 
of the fir, but the spruce fir has simple pits and the cells are all alike ; in the 
pine there are two kinds of cells, the outer being distinguished by the very 
irregular jagged outline of the secondary thickenings. 



Fig. 44. — Bordered Pits of Fir. 
m, medullary ray. (Tschirch.) 
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in small quantity in vegetable powders, not necessarily, 
however, as an adulteration (compare also fig. 208, p. 359). 


Calcium Oxalate 

Calcium oxalate is of very frequent occurrence in foods, 
drugs, and vegetable substances generally. Being practically 
insoluble in water, or in the feebly acid cell sap, it is met with 
in the solid and more or less definitely crystalline form. It 
exhibits a considerable variety, both in the shape and size 
that the crystals assume, but these remain fairly constant for 
one and the same plant, and not unfrequently genera, or even 
natural orders, are characterised by the more or less regular 
occurrence of calcium oxalate crystals of particular form. 
It acquires, therefore, high importance as a valuable means 
of identifying a drug. During the process of pulverisation to 
which drugs are often subjected, many of these crystals, 
especially if they are of small size, remain intact, and serve 
therefore to characterise the powder just as they characterise 
the entire drug. Large crystals are often more or less broken 
during pulverisation, but, even in this case, there is little 
difficulty in detecting the broken fragments, and recognising 
in them portions of larger crystals. 

Calcium oxalate is a dimorphous salt, forming either crystals 
belonging to the tetragonal (quadratic) system and then con- 
taining three molecules of water of crystallisation, or crystals 
belonging to the monoclinic system and containing one molecule 
of water of crystallisation. Examined in polarised light, the 
latter appear, when the NicoFs prisms are crossed, brilliantly 
white on a dark ground ; quadratic crystals and cluster (rosette) 
crystals are less strongly illuminated. Hence examination in 
polarised light is often of service in detecting minute crystals 
of calcium oxalate, but it must be remembered that starch 
grains, fragments of cell walls, crystals belonging to the 
hexagonal system, &c., will also appear bright on a dark 
ground. 

Although calcium oxalate is one of the most frequent of 
the crystalline contents of the cell, it is by no means the 
only one, and the student must be careful to determine the 
nature of any crystals that maybe found, before reporting them 
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as calcium oxalate. This is particularly necessary when 
examining an unknown drug. 

The following are the chief reactions that characterise this 
compound : • 

(i) It is insoluble in acetic acid, but soluble in hydrochloric 
acid without effervescence (distinction from calcium 
carbonate). 



Fig. 45. — ^Various Forms of Calcium Oxalate Crystals, i, from 
cusparia bark; 2, rhatany root; 3, liquorice root; 4, henbane 
leaves ; 5, quebracho bark ; 6, orris rhizome ; 7, leaf of 

Pavonia sp , ; 8, leaf of Convolvulus arvensis ; 9, quillaja bark ; 

10, squill bulb. X250. (Vogl.) 

(2) In contact with concentrated, or moderately concen- 

trated, sulphuric acid it is decomposed ; the oxalate 
disappears, while acicular crystals of calcium sulphate 
make their appearance in the immediate neighbour- 
hood, or at a little distance, according to the current 
in the mounting medium at the moment when the 
reaction took place. 

(3) Solution of barium chloride does not react with them 

(distinction from calcium sulphate, which is occasionally 
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found ; crystals of this substance would become 
encrusted with barium sulphate). 

The student should, however, remember that many reagents 
attack calcium oxalate, especially if the latter is present in 
comparatively small quantity, and the temperature is elevated. 
Thus the digestion with solution of caustic potash, which is 
often resorted to for separating the elements of vegetable 
tissues, may produce a marked effect on the crystals of calcium 
oxalate, partially dissolving them, with the production. 



Fig. 46. — Various Forms of Calcium Oxalate Crystals, i, raphides ; 

2, sandy crystals (belladonna root) ; 3, rosette or cluster crystal 
(rhubarb rhizome) ; 4, rosettes (argel leaves) ; 5, a, rosettes ; 
h, single crystals (horse-chestnut bark) ; 6, single crystal em- 
bedded in sandy crystals, x 160. (Vogl.) 

doubtless, of potassium oxalate and calcium hydrate. Pro- 
longed heating with solution of chloral hydrate often produces 
a similar effect. 

To the fundamental differences in the composition and 
crystalline form of calcium oxalate must be added differences 
that are produced by other influences at present not well 
understood, as, for instance, the rapidity of the currents in 
the cell sap, the degree of acidity of the latter, the relative 
amount of calcium present, and so on. These causes all tend 
to produce a great diversity in the shape, size, &c., of the 
crystals that are formed, and the latter acquire, therefore, a 
high diagnostic value. As the great majority of plants contain 
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calcium oxalate in some form or other, its absence (foxglove 
leaves, lobelia herb) is also a valuable indication of identity. 

The forms assumed by the crystals of calcium oxalate may 
for convenience be classified as follows : 

Single crystals. 

Aggregates of crystals (rosette or cluster crystals). 

Sphaero-crystals (very rare). 

Groups of acicular crystals (raphides). 

Sandy crystals. 

Single crystals are exceedingly common. They may occur 
singly, or two or more together in the same cell. They may 
belong to the tetragonal or to the monoclinic system, although 

thelatter are more common. Notun- 
/Y ^ frequently twin crystals are formed. 

^ ^ Raphides are bundles of long 

^ f \l ^ ■* acicular crystals belonging to the 
A ^ monoclinic system. They are very 

V 4 common in monocotyledonous plants, 

and are often embedded in muci- 
^ ^ ^ ^ Very frequently the cells con- 

V ^ ^ taining these crystals are arranged 
^ ^ y axial rows. 

Fig, 47.— Sandy Crystals. Rosettes of calcium oxalate are 

^ ’ very widely distributed. They vary 

considerably, both in size and appearance. Apparently they 
may belong either to the quadratic or monoclinic system. 

Sphcero-crystals are closely allied to the rosettes, but their 
occurrence is rare. 

Sandy crystals are very common in Solanace^e and some 

other natural orders. The crystals are so minute that their 

crystalline form is not easily ascertained ; they appear, how- 
ever, to be hemihedral crystals belonging to the quadratic 
system. Great numbers of these crystals occur in a single 
cell, completely filling it, and appearing, for optical reasons, 
as a dark patch that might be mistaken for dust or dirt. 

Single crystals and rosettes are frequently found surrounded 
by a membrane of lignified cellulose. This membrane retains 
the shape of the crystal even after the latter has been dissolved 
and removed, and it can be stained by suitable reagents. 
Sometimes the membrane is easily seen, but sometimes it is 
so thin as to be invisible until stained. 


Fig, 47. — Sandy Crystals. 
X 450, (Vogl.) 
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SECTION VI 

STEMS 

INTRODUCTION 

Under this heading the structure of the stems of some of the 
official herbs wll he considered. These consist of a ring of 
wood enclosing a pith and surrounded hy the bast, cortex, and 
epidermis. In addition, therefore, to the elements of the wood, 
these organs will contain epidermis (or possibly the cork that 
has taken its place), cortex, bast, and pith. 

The epidermis usually consists of a single row of cells that 
vary considerably in size and shape, though they commonly 
exhibit tangential elongation in transverse sections and axial 
elongation in longitudinal sections. It generally bears stomata, 
as well as hairs of varying nature, both simple (protective) and 
secreting (glandular) , and is covered with a cuticle. The char- 
acters of this tissue will be more fully described in Section VII, 
and the foregoing remarks may, therefore, suffice for the present. 

Following upon the epidermis is the cortex, the inner limit 
of which is the endodermis. The cortex is generally composed 
of parenchymatous cells which, in transverse section, are tan- 
gentially elongated near the epidermis, but become more or less 
isodiametric near the endodermis, and generally exhibit inter- 
cellular spaces. That part that abuts upon the epidermis is 
often collenchymatous — that is to say, the cells exhibit a con- 
siderable thickening, especially at the angles; such collen- f| 

chymatous tissue, however, seldom assumes the character of [| 

true typical collenchyma, in which the cells are thickened only 
at the angles. 

If the leaves are small, and the stem takes over, in part at 
least, the functions of the leaves, then palisade tissue may be 
developed below the epidermis. 
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Although the parenchymatous cells of the cortex do not 
usually exhibit much variation in different plants, yet this 
tissue often contains other cell forms or special cell contents 
that may materially assist in the diagnosis of a drug or its 
powder. Among such the following may be noted as of 
frequent occurrence ; 

I. Cell forms — 

(a) Palisade. (e) Oil cells. 

(6) Sclerenchymatous cells. (/) Oil glands. 

(c) Sclerenchymatous fibres, (g) Laticiferous cells. 

(rf) Internal hairs. (j) Laticiferous vessels. 

II. Cell contents — 

{a) Chlorophyll. (e) Tannin, &c. 

(b) Calcium oxalate. (/) Oil, &c., in special cells 

(c) Calcium carbonate. or tissues. 

• (d) Starch. 

These various cells and cell contents will be noticed in 
detail in Section VII. For the present, the student should con- 
fine his attention to such as present themselves in the drugs 
examined. 

In many stems, especially young stems, the endodermis can 
be distinguished ; it may be identified by the following 
characters : 

(a) The shape of the cells ; in transverse section they are 

usually rectangular, strongly tangentially elongated, 
and exhibit no intercellular spaces. 

(b) The nature of the walls ; these are usually thin, but 

they are commonly suberised, and often lignified ; this 
is especially the case with the central portion of the 
radial wall, which usually exhibits a slight local thicken- 
ing, which is lignified. 

(c) The contents ; the cells of the endodermis are some- 

times distinguished by containing an unusual quantity 
of starch, &c. 

Sometimes, however, the endodermis cannot be identified. 

The tissue immediately within the endodermis, and abutting 
directly on it, is the pericycle. This may consist of one or more 
rows of cells, which may remain parenchymatous, or may 
develop, wholly or partially, into sclerenchymatous cells or 
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fibres ; the latter are especially common, and are often 
designated primary bast fibres. They may occur singly or 
in groups, or they may form a continuous ring. 

Next to the pericycle is the bast ring. 

As the primary bast is usually with difficulty to be distin- 
guished and is not important for present purposes, it may be 
neglected, and the bast ring may be said to consist of bast 
rays and medullary rays. 

This tissue is very small in the official herbaceous stems, 
and is of little diagnostic value except in so far as it may 
contain bast fibres, sclerenchymatous cells, or secreting tissue. 

The wood may, if necessary, be examined as detailed in 
Section V. It is desirable, here, to note that a few abnormally 
developed woods may contain isolated groups of bast tissue 
(bast parenchyma and sieve tubes) in the wood. These are 
termed ' interxylary ' bast. The following are the chief 
natural orders in which this abnormal development occurs : i 

Vochysiaceae, Combretaceae, Myrtaceae, Melastomaceae, 
Lythrarieae, Onagrarieae, Cucurbitaceae, Apocynaceae, Ascle- 
piadeae, Loganiaceae, Gentianeae, Convolvulaceae, Solanaceae, 
Acanthaceae, Euphorbiaceae. 

The pith consists of parenchymatous cells, frequently of con- 
siderable size, often lignified, and usually thin-walled. It may 
contain sclerenchymatous fibres, sclerenchymatous cells, or 
various forms of secreting tissue. 

In a number of natural orders groups of bast tissue, occa- 
sionally accompanied by fibres, are found on the outer margin 
of the pith abutting on the wood. These are known as 
' intraxylary ' or ' perimedullary ' bast. The following are 
the chief natural orders in which this tissue has been 
observed : ^ 

Vochysiaceae, Malpighiaceae, Olacinese, Leguminosae (Papi- 
lionaceae), Combretaceae, Melastomaceae, Lythrarieae, Cucur- 
bitaceae, Apocynaceae, Asclepiadeae, Loganiaceae, Gentianeae, 
Convolvulaceae, Solanaceae, Acanthaceae, Thymelaeaceae, Eu- 
phorbiaceae. 

Diagnostic characters of herbaceous stems are to be sought 
chiefly in the following particulars : 

(i) Epidermis : for details of the particular features of this 
tissue compare Section VII (Leaves). 

^ For complete lists see Solereder, Anatomie der Dicoiyledonen. 
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(2) Primary cortex aad bast; the cell contents, such as 

calcium oxalate, &c., presence and nature of any 
secretory tissue, presence of sclerenchymatous fibres. 

(3) Wood ; any abnormal feature, such as the presence of 

interxylary bast (compare Section V). 

(4) Pith ; nature and contents of cells ; presence or absence 

of intraxylary bast. 


Lobelia Stem 

Source. — Lobeha is the herb Lobelia inflata, Linn., cut while 
in flower and dried. 

Preparation of Transverse Sections. — Select from lobelia 
herb (preferably that which has not been compressed) pieces of 
stem of medium thickness and still bearing the hairy epidermis. 
Cut several pieces from i to 2 cm. long. Should they be 
too hard for section-cutting, soften them by soaking for a few 
hours in water. 

Embed one of these pieces in pith, as described for ergot. 
Cut several transverse sections, taking care that in one portion 
at least the whole of the tissue from the epidermis to the 
hollow centre is included ; it is not necessary that the section 
should extend over the entire transverse surface. 

Place the sections in alcohol ; transfer after a few minutes to 
water ; mount one in glycerin. 

Examination. — Observe the ring of wood enclosing the 
remains of the pith, the stems being usually hollow. The 
structure of the wood may be determined by treating it as 
directed for quassia (or by a modification of that method), but 
this study should, for the present, be deferred and the 
attention concentrated on the tissues that surround the ring 
of wood. 

Take a fresh section, transfer it to a drop of water on a 
slide, and spread it out with the needles ; remove the excess of 
water with filter paper, and drop a little chlorzinciodine on 
to the centre of the section ; cover with a coverslip. 

Examine with a low power ; the wood has stained yellow 
(lignin reaction), while the major part of the tissue exterior to 
the wood is coloured violet (cellulose reaction). 

Examine this tissue with the high power. Observe, about 
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midway between the epidermis and the wood, a single row of 
cells that differ in appearance from the parenchyma exterior 
to it ; the cells are more oblong, tangentially elongated, 
often flattened, and all the walls, or part at least of the radial 
walls, are stained yellow. This layer of cells is the endodermis. 



Fig. 48. — Lobelia inflata. Transverse section of stena. cort., cortex ; 
end.y endodermis ; ep.^ epidermis ; lat. v., laticiferous vessel ; 
m,r., medullary ray ; per., pericycle. x 200. 


and this, together with the tissue exterior to it up to the 
epidermis, constitute the cortex. The tissue between the 
endodermis and the wood is composed of pericycle, bast ring 
and cambium. 

Examine the epidermis more closely. 

The cells of which it is composed are quadratic or nearly 
so (in transverse section). Occasionally hairs may be found 
arising from it ; they are one-celled and bluntly pointed ; their 
walls are not very thick. 

Next to the epidermis there follow about six rows of paren- 
chymatous cells ; these constitute the cortex ; the cells are 
tangentially elongated and have large intercellular spaces. 

The innermost layer of the cortex is the endodermis, the 
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cells of which are closely attached to one another and show 
no intercellular spaces. 

Within the endodermis and abutting immediately upon it 
is a single or sometimes double row of parenchymatous cells. 
These are easily distinguished from the cells of the endodermis, 



Fig. 49. — Lobelia inflata. Radial section of stem, lat.^ laticiferous 
vessel ; 6, bast and cambium, x 200. 

which are thin-walled, flattened and lignified, as well as from 
those of the bast, which are much smaller. They constitute 
the pericycle, in which there may occasionally be found a cell 
with a thick lignified waU (pericycle fibre). 

Between the pericycle and the wood is the bast (both primary 
and secondary), but its cells are so small that it is not well 
adapted for general study. 

In the bast observe scattered cells that are conspicuous by 
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n-ustJH ()f their large size and granular contcids ; tlu; latlei 
have .stained deej) yellow with the rhiorzinriodine.' These are 
evidently special cells containing a iiarlicular secretion, and 
tlieii nature must he ascertained liy lurtiier inv'estigat ion. 

Preparation and Examination of Radial Sections. - I<rom 

the lolii'lia stern cut a small piece not more than 5 min. long 
Si.lit it longitudinallv. ami .•ml.e.i o„e half in pith’ so that the 
h.ng a.vis oi the lohelia i. horizontal and the expo.sed loiigi- 



Fln, %u. laticferou.. vevrt-l-i Oolatol l.y x 


tndmal (radial) surlare level with the surface of the j>ith. 
Hold the pith so that the epuiermis of the lobelia is directed 
oiitw.iKis. ( ,it now raiiial sctions, taking care that the razor 
edge nits the stem ohliquely, jrassiiig from the right to the 
letl of the 4.-m a , fiie razor is drawn from heel to point, 
f real the - e, tioiis as dire, fed for transverse sections ; mount 

III f lil«4'/iip 

I-i!' t idcntifv the endo.leiinis hv the flatt<med shajie of fhe 

f rlis. .'iijii |,y figiiilit-d walls, l-iciwttrn the 

f'liilMfiii-iiii. aiiii til*, wiind ritria*rvf' aiid t-xainiiir tin* 

with gmmil n . ..nt-nt , pr.-vi.ai dy alimled to. They are long 
tuiM-%. will- h, in t.ivr-m.d.j.' se, tioin, may be seen to anastomose 
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These elements must he examined still more closely, and 
this can best be done by isolating them from the surrounding 
tissues. For this purpose digestion with solution of potash 
may be employed. 

Isolation of Laticiferous Vessels. — Take several pieces of 
lobelia stem about i cm. long ; place them in a test-tube half 
full of solution of potash containing about 1-5 or 2 per 
cent, of caustic potash. Keep them in a water-bath for about 
half to one hour. Test one from time to time, to ascertain if 
the cortex can easily be stripped off and teased out. When 
this is the case, pour off the alkaline solution and wash with 
distilled water. Transfer a piece to a slide, and, with the 
needles, strip from it the whole of the tissue exterior to the 
wood, taking special care to remove everything down to 
the wood. Wash this tissue with water to remove adhering 
alkali, and mount in diluted solution of iodine in potassium 
iodide. 

Examine under a low power. Search among the paren- 
ch5nnatous cells for these peculiar tubes, and identify them by 
their contents, which are now stained yellow. They freely 
branch and anastomose with one another ; they are laticiferous 
vessels. 

Laticiferous vessels have been found in only a few natural 
orders, and their presence is therefore highly important as 
a distinctive feature. The following are the principal orders 
in which they occur : Papaveracese, Olacineae, Papayaceae, 
Compositse (Cichoriacese), Campanulacese (including Lobe- 
hacese), Convolvulaceas (Dichondra), Euphorbiacese (Hevea, 
Manihot).! 

The structure of the wood can, if necessary, be ascertained 
by treating it as quassia wood was treated. The complete 
examination of the cortex is best deferred until the student 
has examined several leaves and made himself acquainted with 
the methods there given in detail. 

Dulcamara Stem 

Source. — ^The stem, about two or three years old, of Solanum 
Dulcamara, Linn. 

Preparation and Examination of Sections.— Select a few 

^ For a complete list see Solereder, Anatomie der Dicoiyledonen. 
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medium-sized pieces of dulcamara stem, and soak them for a 
few hours in water ; cut transverse sections, transfer them to 
spirit, and, after a few minutes, from spirit to water. 

Mount one in solution of chloral hydrate, spreading out the 
section, which is liable to curl, with the needles. 

Observe the yellowish ring of wood enclosing the remains 
of the pith and surrounded successively by bast ring, cortex, 
and cork. Examine the cork carefully. 

The cells of which the cork consists are yellowish in colour ; 
they have thin wavy walls that are strongly refractive, and 
exhibit no intercellular spaces ; the consequent sharp contrast 
with the parenchymatous tissue is characteristic of cork cells. 
Note their arrangement in regular radial rows, evidently the 
result of repeated division of the cork cambium cells by tan- 
gential walls. The outermost layer bears an intact cuticle, 
and here and there emergencies or the remains of hairs that 
have broken off ; it is therefore evidently the epidermis, which 
has not been thrown off. In this plant the epidermal cell 
itself divides by a tangential wall ; the outer half is persistent ; 
the inner half becomes the phellogen, and forms several 
successive rows of cork cells externally, and subsequently one 
or two rows of phelloderm cells internally. All these cells are 
arranged in regular radial rows, a result of their origin. The 
cork cells can be distinguished by their strongly refractive walls, 
which also yield the reactions characteristic of suberised 
membranes (see below) . The cells of the phellogen and 
phelloderm respond more or less distinctly to the tests for 
cellulose (bluish violet with chlorzinciodine) . Those of the 
phellogen are, naturally, situated between the phelloderm and 
the cork, and hence may be distinguished by their position. 
The phelloderm cells have also walls that are thicker than 
those of the phellogen. The cortex (primary cortex) may be 
distinguished from the phelloderm by the fact that its cells 
do not exhibit the regular arrangement that characterises 
the phelloderm. If, however, much phelloderm is produced, 
then its cells commonly lose their radial arrangement and 
become undistinguishable from the cells of the cortex. 

The endodermis cannot be easily identified, but its position 
can be judged. Observe some very thick- walled cells with the 
cavity almost obliterated ; they are isolated or arranged in 
small tangential groups, forming an interrupted ring between 
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cortex and bast. These are sclerenchymatous pericyclic fibres, 
and the endodermis will be the line of cells immediately exterior 
to them. In some pieces of stem the endodermis contains a 
notable quantity of starch, which aids in distinguishing it, but 
this is not always the case. 

Within the ring of fibres is the narrow bast ring, recognis- 
able by the small irregular cells of the bast, many of which 



Fig. 51. Dulcamara Stem. Uransverse section, showing intraxylary 
(perimcdullary) bast, x 80. 

appear filled with dark dust ; these will be examined presently. 
Within the bast ring is the wood, the study of which may be 
passed over, and within the wood is the remains of the pith, 
the cells of which are mostly large, rounded and thin-walled, 
with intercellular spaces. 

Examine carefully the ring of pith, especially near the wood ; 
observe large and small groups of cells, the individual cells 
of which are smaller than the cells of the pith ; they resemble 
the cells of the bast. Sometimes an isolated fibre may be 
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found near such a group, and occasionally a cambium has 
formed. These groups consist of bast tissue, and are intra-^ 
xylary or perimedullary bast. 

Stain a fresh section with phloroglucin and hydrochloric acid. 
The wood and the cork stain red, and are therefore lignified ; 
the dark dust previously alluded to disappears. 

Mount a section in water, focus under the low power, and 
irrigate with strong sulphuric acid. The parenchymatous cells 
of the cortex swell and finally disappear ; the wood does the 
same, but more slowly ; the cork cells are not affected. Warm 
gently until the section begins to turn brown ; the wood is 
further destroyed, the cork is still but slightly affected. 

Mount a section in water, add a drop of a solution of 10 
grammes of chromic acid in 10 c.c. of dilute sulphuric acid. The 
parenchymatous cells swell and dissolve with evolution of gas 
bubbles ; the wood behaves similarly, but more slowly ; the 
cork is much more slowly affected. 

These two reactions are characteristic of the suberised 
(cuticularised) cell wall, that with sulphuric acid being the 
most generally useful. Another reaction for the suberised 
wall consists in warming the section gently with s'l'rong (20 per 
cent.) solution of caustic potash ; under these conditions 
suberised cell walls are disintegrated, and small yellowish 
oily globules mak(.i their appearance. Suberised cell walls are 
also stained red, but not very deeply, when warmed with 
solution of Soudan red (sec list of reagents). 

Isolation of Cells containing Sandy Crystals. — The cells 
containing the dark granular substance resembling dust must 
next be more closely examined. 

Digest a few pieces of stem in a 2 per cent, solution of 
caustic potash in a water-bath for about half an hour ; wash 
with distilled water ; strip off the cortex and bast, and tease 
out as direct(xl for lobelia. The cells with sandy crystals are 
seen now to be mostly long and narrow, and under a high power 
their contents can be resolved into minute crystals (see fig. 47) ; 
they are sandy crystals of calcium oxalate. 

Focus a portion of this preparation, or of a radial section, 
where there are several such cells close together ; irrigate with 
concentrated sulphuric acid very slowly, so as not to create 
much current. The sandy crystals dissolve and needles take 
their place ; these may remain isolated, or they may form 
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radiating groups. The calcium oxalate is converted into 
calcium sulphate, which easily crystallises in acicular 
crystals. 

Further proof of the identity of these crystals may be 
adduced by irrigating a section with acetic acid, in which they 
are insoluble, and with dilute hydrochloric acid, in which they 
dissolve without the evolution of gas (which would occur if the 
substance were a carbonate). 

Euphorbia pilulifcra 

Source. — Euphorbia filulifera, Linn. 

Preparation and Examination of Transverse Sections.— 

Cut a transverse section of the stem of Euphorbia piluUfera as 
directed for lobeha, and mount in glycerin. 

The cells of the epidermis are small in transverse section. 
Those of the cortical parench5nna are larger with small inter- 
cellular spaces, and exhibit tangential elongation. 

The endodermis cannot be distinguished either by chlor- 
zinciodine or by phloroglucin and hydrochloric acid, or by any 
difference in the appearance of the cells or their contents. 

Rather nearer to the wood than to the epidermis observe 
groups of cells that differ from the cells of the cortex in appear- 
ance and are arranged in a diffuse circle ; they vary in size in 
different specimens ; they are often compressed into an oval, 
triangular, or polygonal outhne ; sometimes they exhibit a large 
lumen. The walls are usually very distinctly striated, a feature 
conunon to many euphorbiaceous plants. They are peri- 
cyclic fibres, and the layer of cells immediately exterior to 
these fibres is probably the endodermis, although its cells 
exhibit no characteristic features. 

Between the pericyclic fibres (which are often, but less 
correctly, termed ‘ bast fibres ’ or ‘ primary bast fibres ’) and the 
wood is a narrow ring of bast, the cells of which are often 
much compressed, and hence indistinct. In this ring of bast 
observe some few scattered cells which, in transverse section, 
appear much larger than the other cells of the bast. Direct 
attention particularly to these cells. 

Stain a section with chlorzinciodine. The pericyclic fibres 
assume first a pink, then red, finally deep red, brown, or black 
colour. This might be taken to indicate strong lignification. 
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but a section stained with phloroglucin shows them to be but 
slightly lignified.^ 

The large cells in the bast are seen, in some cases at least, to 
contain a granular substance that has coloured yellow. 

Isolation of Laticiferous Cells. — ^Digest one or two frag- 
ments of the stem with caustic potash, as directed for lobelia. 
Tease the tissue of the bast with the needles, and examine 
in iodine water. The cells with large cavities can now be 
isolated and identified by their brown granular contents. They 
are long branching tubes, which show no anastomoses as 
the similar tubes from lobelia stem did ; they are laticiferous 
cells. 

Distinguish carefully between laticiferous cells and latici- 
ferous vessels ; the former branch freely, but do not anastomose, 
the latter exhibit numerous lateral branches which anastomose 
with neighbouring vessels. 

The following are the principal natural orders in which 
laticiferous cells have been found : Apocynaceae, Asclepiadeae, 
Euphorbiaceae, Urticaceae. 

Broom Stem 

Source. — The young stem of Cytisus Scoparius, Link. 

Preparation and Examination of Sections. — Cut trans- 
verse sections ; immerse in spirit, transfer to water ; mount one 
in glycerin. Examine the epidermal cells ; they are square or 
oblong in outline, and possess a thick cuticle. Pass on to the 
cortex, which is composed of several layers of parenchymatous 
cells. At intervals the cortex is extended into projections 
(wings) ; in each of these wings observe two groups of fibres, 
one near the epidermis, the other near the wood. The fibres 
are much thickened, the cavity being almost obliterated ; the 
walls show distinct stratification, but are only slightly lignified 
(test by phloroglucin and hydrochloric acid). 

Between the bundle of fibres in the apex of the wing and 
the epidermis are one or two rows of parenchymatous cells with 
thickened sides and angles (collenchymatous). 

The endodermis cannot be distinguished by appearance from 
the other cells of the cortex, but may be identified by its posi- 
tion. Observe the interrupted band of fibres several rows wide 

^ The nature of the walls of these fibres requires further investigation. 
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near the wood ; these are developed from the pericycle, and 
the row of cells immediately exterior to them is the endo- 
dermis. 



Fig. 52. — Broom. Transverse section of young stem. /., fibres ; m.v., 
medullary ray ; ph., phloem ; xyl.^ xylem. x 100. 


Examine these fibres ; the outline of each is oval or poly- 
gonal ; the wall is thick and shows stratification ; the cavity is 
reduced to a slit. 

Within the ring of fibres is a narrow ring of bast followed by 
wood. Neither bast nor wood need now be minutely examined. 

The pith consists mostly of very large thin-walled cells. 
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SECTION VII 

LEAVES 

INTRODUCTION 

Although leaves differ in structure and organisation from 
the axes upon which they are borne, yet their tissues are usually 
continuous with and analogous to, or even identical with, 
those of the stems that produce them. The epidermis of the 
stem is continuous with that of the petiole and lamina of 
the leaf ; the cortex of the stem passes into the cortex of the 
midrib, of which the mesophyll is but a specially organised 
development. A portion of the stele leaves the stem and 
passes into the leaf, where it constitutes the meristele of 
the midrib and eventually subdivides into the schizosteles 
of the veinlets. 

In discu-ssing the general anatomy of leaves it is advan- 
tageous to deal first with the epidermis and its appendages, then 
with the mesophyll, and lastly with the veins. 

Epidermis. — The epidermis usually consists of a single layer 
of cells, the shape of which varies in the leaves of different 
species, but is constant in all plants of the same species growing 
under normal conditions. 

In transverse section the epidermal cells usually exhibit a 
rectangular outline, this being especially the case with those 
from the interneural spaces, the cells lying above or below the 
midrib being rounded at the angles and therefore more or less 
oval. 

The cuticle varies in thickness, being generally thick in 
shrubs (jaborandi) but thin in herbaceous plants (hemlock). 
It is commonly smooth, but sometimes exhibits projecting 
ridges (belladonna) or protuberances (coca) ; in surface view 
the former appear as striations, the latter as ill-defined circles. 
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The epidermal cells may appear, in surface view, either com- 
paratively small and straight-walled (buchu, coca, jaborandi), 
or large, with thin, undulating, or even strongly wavy walls 
(foxglove, hemlock, henbane, belladonna). In powdered herbs 
the epidermal cells usually present their surface, not their 
section, to the observer, and the study of the differences thus 
exhibited becomes, therefore, extremely important. 

Stomata. — ^Most leaves bear stomata, either upon the upper 
or lower surface or both, but submerged leaves are usually free 
from them. When they occur they are not necessarily uni- 
formly distributed over the surface that bears them, although 
this is the more frequent occurrence, but are sometimes grouped 
in various ways (bearberry). Very often the cells surrounding 
the guard-cells of the stomata assume a particular arrangement, 
which is constant for the same species and often recurs in a 
number of species belonging to the same natural order. Thus 
in the coca leaf the stoma is surrounded by four cells, two of 
which have their long axes parallel to the ostiole ; in senna a 
similar arrangement is met with. In labiate leaves, on the 
other hand, the stoma is enclosed between two cells the long 
axes of which are at right angles to the ostiole. In jaborandi 
there are several narrow cells tangentially arranged round the 
stoma, while in leaves derived from Solanacese and Compositae 
there are usually three or four cells, one of which is smaller 
than the others. Nor are the stomata always inserted at the 
same level, for while some are elevated above the epidermis, 
others may be sunk below it, the latter being especially the case 
with plants growing in arid districts (senna). 

Hairs. — ^Many leaves, including several officinal ones, are 
glabrous (coca), but it is more common to find hairs either 
distributed over the lamina or restricted to the veins. These 
hairs exhibit an infinite variety in shape and nature, but they 
are constant in the same species, and even different species of 
the same genus are often found to be furnished with similar 
hairs. They possess, therefore, very great diagnostic value. 
Hairs may be divided into two classes, viz. simple (or pro- 
tective) hairs, and glandular (or secreting) hairs. These two 
classes may be considered separately. 

(a) Simfle Hairs . — ^These may be either unicellular or pluri- 
cellular, according as they consist of a single cell or of 
several cells. If the cells are arranged in a single row. 
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the hair is uniserial ; if in several rows, pluriserial. 
The length and shape of the hair, the thickness of the 
wall, and the nature of the surface should be carefully 
studied ; thus in senna the hairs are one-celled, thick- 
walled, and warty ; in foxglove they are uniserial, 
pluricellular, and the walls are thin and slightly warty, 
and so on. 

(b) Glandular Hairs , — These are distinguished by their 
terminating in a cell or collection of cells that secrete 
resin, volatile oil, &c. The secreting cells are, there- 
fore, borne upon pedicels, which, like simple hairs, 
may be unicellular or pluricellular, uniserial or pluri- 
serial. Very often the pedicel is unicellular and 
short. 

The secreting cell, or collection of cells, is termed a gland. 
Sometimes it remains unicellular, but often it divides by 
vertical walls or horizontal walls, or both, and thus becomes 
pluricellular and pluriserial (Solanacese, Composite). When 
division takes place by vertical walls only, it does so in a very 
regular manner, dividing the gland into two, four, or eight 
similar cells (bicellular, quadricellular, octocellular glands). 

Unicellular or bicellular glands are commonly rounded or 
oval ; they are inserted on the epidermal cells, and when they 
fall off leave circular scars either near the centre or close to one 
of the lateral walls, 

Quadricellular and octocellular glands are larger and often 
situated in depressions on the surface of the leaf ; they are 
usually borne upon very short pedicels, which are inserted 
between several epidermal cells, and consequently they leave, 
when they fall off, a scar differing from that left by a uni- 
cellular or bicellular gland. 

All these hairs are best seen in surface preparations. 

Mesophyll. — The mesophyll is said to be homogeneous when 
the cells of which it consists exhibit but little difference in shape, 
&c. (savin leaves), heterogeneous when they assume distinctly 
different forms. The latter is by far the more common, most 
leaves exhibiting a palisade tissue well differentiated from the 
spongy parenchyma. Two forms of heterogeneous mesophyll are 
distinguished — viz. dorsiventral and isolilateral. Most leaves 
possess a distinctly dorsiventral mesophyll, and the presence of 
an isobilateral structure should, therefore, be carefully noted. 
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The shape and size of both the palisade and the spongy 
parenchyma cells should be carefully observed, as well as 
the nature of their contents. The presence or absence 
of crystals, and, if present, their shape and nature, afford 
valuable evidence in establishing the identity of a leaf. 
They generally consist of calcium oxalate, and are usually 
rather small. Whenever they exist in a leaf they are always to 
be found in the powder, however fine it may be. Some leaves 
(foxglove) are entirely free from crystals, but most officinal 
leaves contain them distributed throughout the mesophyll, the 
cortex of the midrib, and the bast of the midrib and veins. 
Their shape generally remains constant in leaves of the same 
plant, but it may vary for different plants of the same natural 
order. Thus, in belladonna leaves the calcium oxalate usually 
assumes the form of sandy crystals, in henbane it occurs in 
small prisms, while in stramonium cluster crystals prevail. In 
senna leaves both prisms and cluster crystals are found. 

The mesophyll may also contain various forms of secretory 
tissue, such as oil cells, oil glands, secretion ducts, laticiferous 
cells, laticiferous vessels, &c. The following are the principal 
natural orders in which these secretion cells, &c., occur : ^ 

Secretion Cells, — Calycanthacese, Magnoliace^e, Anonacese, 
Nymphseaceae, Canellaceae, Rutaceae, Simarubeae, Meliaceae, 
Compositae (some), Sapotaceae, Piperaceae, Chloranthaceae, 
Myristiceae, Monimiaceae, Laurineae. 

Elongated Secretion Tubes, with brown contents, — Anacar- 
diaceae, Leguminosae (Papilionaceae, Mimoseae), Compositae, 
Myristiceae, Monimiaceae, Euphorbiaceae. 

Internal Schizogenous Glands. — Hypericineae, Guttiferae, 
Rutaceae, Myrtaceae, Rubiaceae, Compositae. 

Secretion Ducts. — Hypericineae, Pittosporeae, Guttiferae, 
Dipterocarpeae,Burseraceae, Anacardiaceae, Leguminosae (Caesal- 
pinieae), Umbelliferae, Araliaceae, Compositae (Cichoriaceae). 

Laticiferous Cells, — ^Apocynaceae, Asclepiadeae, Euphor- 
biaceae, Urticaceae (Humulus and Moreae). 

Sclerenchymatous cells or fibres are also occasionally present 
(tea, witchhazel), and then constitute important diagnostic 
characters (compare 'Tea'). 

Midrib. — The elements of which the midrib and lateral 


^ For complete list see Solereder, Anatomie der Dicotyledonen. 
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veins consist may sometimes be turned to account in identify- 
ing a leaf, although their structure presents general features 
common to most leaves. The section should always be made 
at a point distant one-third of the length of the lamina from the 
base ; otherwise sections from different leaves of the same 
species are not strictly comparable. 

Next to the epidermis there is usually to be found a layer of 
collenchymatous cells of varying extent passing into the normal 
cortical parenchyma (or ground tissue) of the midrib. In 
powdered leaves the collenchymatous cells usually exhibit their 
length, and are easily distinguished by their elongated shape 
and thickened walls. 

The cells of the cortical parenchyma, on the other hand, in 
surface view have thin walls, and are rounded or polygonal in 
herbaceous plants, but usually rectangular or elongated in the 
leaves of shrubs. 

The wood of the midrib and lateral veins may contain 
vessels, tracheids, &c., the size of which is sometimes im- 
portant ; the bast seldom offers valuable indications, but the 
presence or absence of well-developed pericyclic fibres, their 
shape, the extent of the thickening and lignification should be 
ascertained, as these characters are often very important. 

General Scheme of Examination 

In the complete and thorough examination of a leaf the 
following course of procedure may be advantageously 
adopted : 

(1) The preparation and examination of transverse sections, 

including the midrib, the interneural regions, and the 

lateral veins. 

(2) The preparation and examination of longitudinal sections 

of the midrib. 

(3) The isolation and examination of pericyclic fibres, 

sclerenchymatous cells, &c., if such are present. 

(4) The separation and examination of the epidermis of 

both surfaces. 

(5) The preparation and examination of the powder. 

In examining leaves the student should remember that an 
accurate knowledge of their structure should bear the following 
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practical results : (i) the identification of the leaf in its entire 
state or at least in coarse fragments ; (2) the identification of 
the powdered leaf. The first of these objects is generally 
accomplished by the examination of transverse sections and of 
surface preparations of the epidermises. But before examining 
a powdered drug it is necessary to be accurately acquainted 
with the structure of that drug, with the size, shape, and 
other characters of the various histological elements of which 
it is composed, for otherwise it would be impossible to say 
whether particular elements observed in the powder are 
derived from the drug in question or from some foreign source, 
constituting in the latter case an impurity or an adulteration. 
Moreover, it occasionally happens that certain characters that 
are conspicuous in the entire drug become obliterated during 
the process of pulverisation. Thus large oil glands which form 
a conspicuous character in some drugs are so destroyed by 
pulverisation as to be with difficulty found in the powder. On 
the other hand, it is not uncommon to find certain layers of 
cells tenaciously retaining their relative position in the powder 
and presenting certain characteristic aspects. 

The examination of the powdered drug is further a useful 
supplement to the examination of the entire drug, as details 
may thereby be brought to light that would otherwise escape 
observation. 

Examination of Powdered Drugs 

The following media will be found generally useful in 
mounting powders for microscopical examination. They must, 
however, be supplemented by special methods of examination 
adapted for particular drugs ; these methods will be described 
in detail as the student progresses to the study of the drugs 
for which they are required. 

Water. — One of the principal advantages of water as a 
medium in which to examine powdered drugs is that it exerts 
very little prejudicial influence upon the cell walls or cell 
contents. The cell walls absorb it and resume more or less 
completely their original condition ; the cell contents, so far 
as they are insoluble in water, remain unaffected, and in this 
respect water is much less objectionable than chloral hydrate 
or caustic potash. Delicate details are also more easily 
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visii>lc in water than in cithtT ehloral hydrate, or glycerin. 
On the other hand, water is destitute of that power ol nmdering 
tissues transparent that is p(jss(‘.ssod both Iry chloral hydrate, 
and glycerin, and hence underlying tissues that are visil)le. in 
<’ither of tlie.se inc'dia may be entirely hidden from view in 
water. The .solvent power of chloral hydratt; on many cell 
I'onti'iits (remains of protoplasm, starch, chlorojihyll, and many 
other substances), to w'hich its clearing action is jiartly due, 
renders it in so far inferior to waiter as it e.Khibits th(^ cell 
contents after they have been more or less altered by tht; 
at t ion of the mounting medium. 

Previous to e.'iamination muler the microscojii; the powder 
slnaild remain in i-oiitact with water for at least a. hrw liours, 
in order to allow the cells and cell walls to be thoroughly 
pciK-trated. 

Glycerin, pure or dilnted.—tilyceriii is useful, as it renders 
ti.ssues more transparent than water do(*.s. It has a much le.ss 
injurious influeiua* ujkui the ladl walls and cell contents than 
chloral hydrate, and, esjiecially if used diluted, is very useful. 
Tnlike wati-r and eliloral hydrate, it is of course not lialrhe to 
I'vaporate or crystallise, and therefore, pn-parations in glycerin 
may be k<‘pf for a considerable time uinler observation. The 
examination both in dilnt<; glycerin and in water .should not 
l»e omitted, as it frequently reveals valuable details. A good 
method of prill edure is to mi.K the powder thoroughly with 
dilute glycerin and allow several hours for (lu; liquid to pene- 
trate the tissues Ix foii! e.samining it. 

Hofh wafer ami glycerin allow of the determination of the 
colour of the fragments, and this often affords valuable 
information. 

Solution of Chloral Hydrate. — 'rhis induce.s more swelling 
of dried .and mnlrm ti-d cell walls than water does, a function 
which may, howitver, be disadvantageous, ns very clelicati; 
cell w.dls may Ijecome atmormally swollen. At the .samt! 
time its powauful solvent action on starch, proteid matter, 
resin, and other snbst.anrcs makes it an excidkait clearing 
.agent, and its high refractive powi-r renders the particles more 
Iransp.arent th.an tioes water or glycerin. Naturally these; 
two fun« tions may also lie'disadvantageous, becau.se important 
cell contents may l>c removaal uiul delicate markings may be 
rendered invisible. Pul as a general mountant for powders 
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for the exhibition of the more resistent cell walls, for expanding 
the cells, and rendering thicker particles more transparent, 
it is extremely useful. A little of the powder may be moistened 
with alcohol and solution of chloral hydrate added, or it may 
be mixed direct with solution of chloral hydrate and allowed 
to stand for twenty-four hours before examination. If it is 
impossible to allow sufficient time for this, the preparation may 
be gently warmed. 

Alcoholic Solution of Chloral Hydrate is a better solvent 
of fat, wax, resin, &c., than an aqueous solution, and 
may in special cases advantageously follow the aqueous 
solution. 

Solutions of other substances (e.g. sodium salicylate, zinc 
chloride, calcium chloride, lactic acid) are also occasionally 
used. 

Alcohol. — Apart from its use for removing air from powders, 
previous to mounting them in other liquids, the chief value of 
alcohol is as a mountant for powders containing mucilage or 
other substances that swell considerably in water, and these 
become thereby so transparent as easily to escape observation 
(walls of the endosperm cells of nux vomica, foenugreek, &c.) . 
As it induces contraction rather than expansion of the cell wall 
and has a low refractive index, powders mounted in it exhibit 
less of their structure than they do in water, glycerin, or 
solution of chloral hydrate, and it is therefore suited for special 
purposes only. 

Solution of Iodine.— Iodine, as already observed, is the 
principal reagent for starch, and a diluted solution of iodine 
in potassium iodide should be regularly used as a mountant 
for powders in order to determine the presence or absence of 
that important ceU content. 

Solution of Potash. — This is a more powerful reagent 
than solution of chloral hydrate. It induces, especially if 
concentrated (20 to 50 per cent.), a very vigorous expansion 
of the cell wall, and will therefore cause tissues to resume 
their normal shape when solution of chloral hydrate fails. It 
dissolves starch and many cell contents. It is especially use- 
ful for resistent tissues and for thick, leathery leaves, particu- 
larly if they contain much colouring matter derived from 
tannin, but it should not be forgotten that it may induce very 
considerable alteration in the cell wall. 
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Bearberry Leaves 

Source. — ^The leaves of Arctostaphylos Uva Ursiy Linn. 

Transverse Sections. — Soak a few bearberry leaves in water 
for several hours ; cut one transversely at a point distant from 
the base about one-third of the length of the lamina. Fix 
the lower part of the leaf in pith, and cut transverse sections ; 
transfer them at once to alcohol. 

Place one in a drop of water on a slide ; remove the water, 
drop on a small drop of glycerin, and cover. If too much 



Fig. 53. — Bearberry Leaf. Diagrammatic section of midrib, showing the 
distribution of the various tissues. X65. 

glycerin has been added, remove a little by means of a fragment 
of filter paper ; take every care not to allow this (or any other 
mountant) to reach the upper surface of the coverslip. 

Examine the midrib. 

The wood is easily distinguished. It is fan-shaped. The 
elements are small but distinct ; the medullary rays (high 
power) are radially elongated, and most of them are filled with 
a brown substance. 

Below the wood, and extending rather more than halfway 
round it, is a crescent-shaped bast. The cells of this tissue 
are also very small, but under the high power and in favourable 
sections they may be distinguished. 

The endodermis is not well marked, and cannot with cer- 
tainty be identified. 

Above and below the meristele a mass of cells with much 
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thickened walls and angles (coUenchymatous) connect the 
meristele with the epidermis of both surfaces. Many of these 
cells (especially those near the midrib) contain prismatic 
and cluster crystals of calcium oxalate. Their nature can be 
determined by radial sections, but the student is advised not to 
attempt this for the present. Immediately above the wood, 
between it and the bridge of thick-walled cells, a few scleren- 



chymatous fibres with very thick walls and small cavities can 
usually be seen (fig. 54, hf) ; they are smaller than the thick- 
walled cells, but larger than the elements of the wood, from 
which they also differ by their rounded outline and thicker walls. 

The cells of the epidermis are remarkable for their very 
thick cuticle. 

Make a diagrammatic sketch of the section 1 (compare fig. 53) . 

To another section add solution of chloral hydrate, cover, 
and after a couple of minutes draw off the chloral hydrate and 
allow glycerin to take its place. 

' ^ dia^ammatic sketch is Intended to show the extent and distribution 
of tne various tissues, but not their detail. Details of Important tissues should, 
be shown separately and on a scale large enough to enable them to be dis- 
tinctly seen (compare figs. 35, 71, 88. See also p. 112). 
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The section clears rapidly in chloral hydrate. The crystals 
of calcium oxalate can now be seen very distinctly as dark 
masses filling the cells in which they occur. In the bast the 
cell walls may have swollen a little. 

Examine the intemeural mesophyll. It shows on the upper 
side several (two to four) rows of short palisade cells ; here 
and there an occasional crystal of calcium oxalate may be 
observed. The lower portion of the mesophyll consists of 
spongy parench5mia. 

Observe the lateral veins. Like the midrib, they are con- 
nected with the epidermis by a bridge of thickened cells, and 
are also accompanied by fibres, which are more numerous in 
proportion to the wood than they are in the midrib. 

Stain a section with solution of chlorzinciodine. Observe 
the thickness of the cuticle and cuticular layers, which stain 
yellow. 

Surface Sections* — ^Next proceed to examine the surface of 
the epidermis. For this purpose surface sections must be 
prepared. 

Take a well-soaked leaf, bend it over the forefinger and cut 
thin sections from the upper surface. Only the first section 
from any particular point can be utilised. Transfer these to 
alcohol on the slide, taking care to keep the cuticular surface 
uppermost. Replace the alcohol by water and the water by 
glycerin. 

The outlines of the cells can be distinctly seen, especially 
near the edges of the section. They are polygonal, the walls 
being often slightly wavy ; there are no stomata. 

Focus the epidermal cells on a thicker part of the section, 
and then gradually focus down until the palisade cells which 
lie below the epidermis of the upper surface (compare trans- 
verse section) appear distinct. Observe that the palisade cells 
are rounded in outline, are rather smaller than the epidermal 
cells, and have thin walls ; they often exhibit this aspect when 
surface sections or powdered leaves are examined. 

Sketch a few epidermal cells together with a few of the 
subjacent palisade cells as they appear in a surface section 
(compare fig. 55 , 1 and II). 

Cut and examine in the same way sections from the under 
surface of a leaf. 

The epidermal cells are similar to those of the upper surface. 
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but are generally rather larger, those above the veins showing 
a little difference from those above the intemeural regions. 
The latter bear stomata, often apparently arranged in groups. 
Examine one of the stomata more closely under the high 



Fig. . — Bearberry Leaf. I, lower epidermis ; a, portion over a 

vein; 5, stoma; II j tipper epidermis; ///, cells from cortex 
of midrib, showing calcium oxalate (isolated by maceration with 
potash). X220. 

power ; it is surrounded by six or eight cells, which, however, 
show no definite arrangement. 

With the low power examine a larger area ; hairs or glands 
are very seldom to be found.^ 

Separation of the Epidermis by Caustic Potash.— Macerate 
a few pieces of the leaf for half an hour in 2 per cent, solution 

^ In the powder, short, one-celled, thick-walled, conical hairs are occasion- 
ally to be found, as well as glandular hairs ; these are derived from the margin 
of very young leaves. 
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of caustic potash in a water-bath ; wash several times with 
distilled water. 

Transfer a piece to a slide, and with the needles strip the 
epidermis from both under and upper surfaces ; free it from 
adhering cells by brushing with a camers-hair brush, and mount 
in water, taking care that the cuticular surface is uppermost. 

The upper epidermis shows an appearance very similar to 
that observed in the surface section. 

In the lower epidermis it will probably be observed that the 
cell walls, instead of being sharply defined, are indistinct and 
granular. This is due to the action of the caustic alkali. 

Separation of the epidermis by maceration in caustic 
potash often yields excellent results, especially in cases in 
which the preparation of surface sections is difficult. The 
strength of the solution of potash and the length of time 
during which the heating should be continued vary with the 
nature of the leaf. Usually thin leaves require a weaker 
alkaline solution (0*2 to i per cent.) and a shorter maceration 
(10 to 20 minutes) than thick, leathery leaves. The foregoing 
comparison shows, however, that it is always desirable to 
ascertain, by surface sections or other preparation, whether the 
caustic alkali has materially altered the appearance of the cell 
walls. For other methods of examining the epidermis see p. 108. 

Examination of Crushed Leaves, — ^The student should now 
proceed to examine coarse fragments of bearberry leaves, with 
a view to identifying them as such. 

Coarsely crush some bearberry leaves and remove the finer 
fragments by sifting on a No. 20 sieve. Examine the coarser 
pieces as follows : 

Soak them in water until sufficiently soft for cutting. 
Select some of the larger pieces, embed them in pith, and 
cut sections, taking care to cut the veins at right angles, if 
possible. If necessary, fix the smaller fragments on to the pith 
by means of a little gum and glycerin (see list of reagents), 
which should be allowed to dry sufficiently to hold the leaf fast. 

Treat the sections as described above. Examine and 
sketch the transverse section of a vein and also of an interneural 
portion. Compare these sketches with the sketches made 
during the examination of the leaf itself. In the veins note 
particularly the bridge of thick-walled cells which connects 
the meristele with both upper and lower epidermis ; also the 
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sclerenchymatoTis fibres above the wood. In the section of 
the intemeural portion of the lamina note the thick cuticle and 
the several layers of palisade. 

Next digest some of the fragments in solution of potash, 
wash, and with the aid of needles strip the epidermis of both 
surfaces. Examine and sketch these, and compare the 
sketches with those of the leaf. 

Indian Senna Leaves 

Source. — ^The leaflets of Cassia angustifolia, Vahl. 

Preparation for Cutting. — Select a few large and well-pre- 
served Indian senna leaves ; allow them to remain in a moist 
atmosphere until they are supple, but not longer, or they will 
become too moist. As a rule, this treatment is the most suit- 
able for thin, papery leaves, such as senna, while soaking is 
preferable for thick, leathery leaves, such as bearberry. The 
condition that is most favourable for section cutting has been 
described in Section IV (Ergot). 

Preparation of Transverse Sections. — Cut several leaves 
transversely through the midrib at the point at which the sec- 
tions are to be taken (one-third of the distance from base to 
apex), and cut away the lamina on each side of the midrib until 
the width is reduced to about 3 or 4 mm. Place four or five 
such pieces one on the other, keeping the cut edges level, and 
embed the entire packet in elder-pith, so that every stroke of 
the razor will cut a number of sections at once, instead of one 
only ; this method is advantageous for thin leaves. Transfer 
the sections, as they are cut, to alcohol. 

Mounting and Examination. — Select a thin section, transfer 
it to a drop of water on a slide ; replace the water by dilute 
glycerin. Examine the midrib. The wood is fan-shaped. 
Below and on either side of it observe delicate, small-celled 
bast tissue, forming nearly a semicircle. Above the wood 
there are a few rows of thin-walled parenchymatous cells. 
Both above and below there is a protecting shield of more 
or less thickened pericyclic fibres : this shield is crescent- 
shaped below the wood, but oval above it. Beyond the shield 
of fibres on the under surface is thin-walled parenchyma, which 
rapidly passes into collenchyma ; on the upper side there is 
palisade tissue above the meristele. 
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Make a diagrammatic sketch of the section. 

Mount another section in chloral hydrate. The cells expand 
and the tissue is cleared, proteid matter, &c., dissolving. The 
strands of bast become very distinct ; the parenchymatous cells 



Fig. 56. — Senna Leaf, transverse sections of midrib. I. Diagram- 
matic ; E, epidermis ; F, pericyclic fibres ; G, wood ; P, 
palisade ; 5 , bast. II. Magnified 210 diameters ; P, epidermis 
of upper, P' of lower surface ; P, pericyclic fibres ; G, vessels ; 

0 , prismatic crystals of calcium oxalate ; Od, rosette crystals of 
same ; P, palisade ; cortical parenchyma ; sieve tissue. 
(Meyer.) 

on the outer margins of the arcs of fibres contain prismatic 
crystals of calcium oxalate. 

Examine now the section of the interneural portions of the 
lamina. The cells of the upper and under epidermis are nearly 
square in outline, and covered by a distinct cuticle that bears a 
fine granular coating (of wax). Some of these epidermal cells 
appear divided into two cells by tangential walls, which are 
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sometimes straight, but often bulge into the upper part. 
This appearance is due to mucilage, which is deposited on the 
inner tangential wall of the epidermal cell and is covered by a 
thin layer of cellulose ; when immersed in water the mucilage 
swells, becomes transparent, and produces a bulging of the 
cellulose covering it. 

Take a fresh section from alcohol, allow it to expand for 
a few seconds in chloral hydrate on the slide, wash quickly with 

a drop of water, and add a drop 
of ruthenium red solution; the 
mucilage in such of the cells 
as are intact will stain bright 
red (the collenchymatous tissue 
of the midrib and the scleren- 
chymatous fibres will also be 
stained). 

Continuing the examination of 
the leaf section, observe the 
stomata which may be found on 
both surfaces of the leaf ; the 
guard-cells are sunk below the 
level of the epidermis . Occasion- 
ally a hair may also be seen, but 
these are comparatively seldom 
found in sections. They are 
one-celled, thick-walled, blunt- 
pointed, and covered with minute 
warts ; the base is conical, and 
is wedged between two epi- 
dermal cells. 

Pass now to the interneural mesophyll. Note on both upper 
and under surfaces a layer of long narrow palisade cells (iso- 
bilateral structure), the walls of which are more (under surface) 
or less (upper surface) wavy. Between the palisade tissues 
there is a narrow layer of spongy parenchyma, the cells of 
which are mostly rounded ; here and there a cluster crystal or 
occasionally a prismatic crystal of calcium oxalate can be found. 
Through the spongy parenchyma lateral veins and veinlets 
run ; these possess a structure similar to that of the midrib, the 
elements gradually diminishing in number with the size of the 
veinlets until the fibres disappear and the wood is reduced to a 



Fig. 57. — Senna Leaf, transverse sec- 
tion of interneural portion of la- 
mina. epidermis; /f, hair; /, 
palisade cell containing a strongly 
refractive substance; w, mesophyll; 
Pi P'f palisade ; 0 , Od^ calcium ox- 
alate; 5,ba.st; 5^, stoma. x 2 io. 
(Meyer.) 
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single vessel. They are often cut obliquely, and then do not 
exhibit their structure clearly. 

Sketch a part (about 3 or 4 cells wide) of the intemeural 
portion of the leaf on a scale large enough to allow of the details 
being seen (preferably a little larger than shown in fig. 57). 

Preparation and Examination of Longitudinal Sections. — 
Exanaine the structure of the midrib more closely. Prepare a 
leaf for longitudinal section through the midrib by cutting out 
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Fig. 58. — Senna Leaf, radial section of midrib, r., cortex; cr,^ 
crystals of calcium oxalate ; ep.^ epidermis ; /., pericyclic 

fibres ; pal.^ palisade ; par., parenchymatous cells above the 
wood. X 180. 


a piece about 3 to 5 mm. wide, and embedding it so that the 
midrib is just level with the surface of the pith. Cut longi- 
tudinal sections, and transfer them all to alcohol. Mount in 
chloral hydrate, and examine under the low power. If there 
is much air, warm gently until this is expelled ; as a rule, air is 
more easily removed from transverse than from radial sections. 

Select a section that has passed through the , centre of the 
midrib — possibly several leaves will have to be cut before a 
satisfactory one is found — add a drop of glycerin to prevent the 
chloral hvdrate from crystallising. Examine under the high 
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power, and compare the tissues observed with those which 
the transverse section has shown to be present. 

The upper epidermis can be recognised by the layer of 
palisade that is beneath it, as shown by the transverse section ; 
its cells are slightly axially elongated. The palisade tissue 
beneath the epidermis resembles that of the intemeural meso- 
phyll, and exhibits the same irregularity in its walls. A row 
of cells of varying shape, but approximately isodiametric, 
separate the palisade cells from the crystal cells that abut upon 
the pericycKc fibres. If the latter are not readily distinguished, 
they may be made more conspicuous by appropriate staining ; 
they are strongly elongated, rather thick-walled, and exhibit 
scattered slit pores arranged in a left spiral. The crystal cells 
are small, slightly axially elongated, and contain a single crystal 
of calcium oxalate in each. 

Next to the pericyclic fibres are several rows of axially elon- 
gated parenchymatous cells which abut upon the vessels of the 
wood. The latter are spiral, annular, and pitted in succession. 

The bast which follows the wood is, as a rule, but indistinctly 
seen. Here and there on a particularly favourable section 
very long narrow cells may be distinguished. 

The bast is boimded by pericyclic fibres similar to those 
already described ; next to the fibres there is a row of crystal cells. 

The remaining tissue consists of the cortical parenchyma 
of the midrib. It is composed of axially elongated cells, which 
become collenchymatous near the epidermis. The cells of the 
latter are much smaller and more strongly axially elongated 
than those of the upper surface. 

Further information respecting the elements of which the 
midrib consists may be obtained by cutting the thicker portions 
of the midrib from several leaves and digesting them with 
Schulze’s maceration mixture as directed under Quassia 
Wood. The shape of the pericyclic fibres, vessels, &c., may 
be studied in this preparation. 

Examination of the Epidermis. — It is frequently difficult to 
separate the epidermis of thin leaves by digestion with solution 
of potash, and recourse may then be had to the following mode 
of procedure ; 

Cut from a senna leaf several small pieces about 2 or 3 mm. 
in diameter ; place two side by side on a slide, the one 
with the upper, the other with the under, surface uppermost. 
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Add several drops of solution of chloral hydrate, cover with 
a coverslip, and gently warm until the chloral hydrate just 
begins to boil ; keep it near the boiling-point for a few moments, 
then cool, replace the evaporated liquid by more solution of 
chloral hydrate, and examine. If the operation has been 
successful, the leaf will have been rendered so transparent that 
the epidermal cells, stomata, and hairs will be distinctly 
visible, but some portions of the epidermis will exhibit the 
cells better than others, and some leaves respond better to 
this treatment than others ; occasionally prolonged maceration 
in the cold affords better results than warming. If the epider- 
mis is not clearly seen, a similar treatment with solution of 
caustic potash (about 0*5 to 2*0 
per cent.) may be tried. The 
following method is also often 
successful : Warm two or three 




lower surface. E, epidermal cell; 5, stoma. x 2 io. (Meyer.) 


fragments about 2 or 3 mm. square under the coverslip in 
solution of potash, cool, press the finger moderately firmly on 
the coverslip and suddenly slide it along ; by this means the 
epidermis may often be more or less completely detached. 
These various methods should be tried until a successful pre- 
paration is obtained. 

Observe that the epidermal cells are thin-walled and 
polygonal in outline ; stomata are found on both sides ; they 
are usually placed between two cells, to the longer axes of which 
the ostiole is parallel ; the latter is depressed beneath the level 
of the epidermis (since the microscope tube must be depressed 
to focus it). The hairs are very conspicuous ; they are 
one-celled, thick-walled, and warty, and are often curved. 
Observe also small rounded scars which are left when the 
hairs fall off. 
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The distribution of the hairs, stomata, &c., can be well 
studied in fragments of the leaf made transparent in the 
manner described. 

Depress the tube of the microscope until the palisade tissue 
is focussed ; observe that the cells appear as small circles. 
Focus still farther down, below the palisade tissue, until the 
midrib (or a lateral vein) is focussed, and observe the regular 
rows of crystals ; these are the calcium oxalate crystals that 
were seen in transverse section near the arc of fibres. They 
are now seen to be arranged in long axial rows. 

Comparing the epidermis of the upper surface with that of 
the lower, observe that they are very similar ; the epidermal 
cells have the same shape, stomata are present, and palisade 
tissue follows the epidermis in both cases. The lower surface, 
however, usually bears more hairs than the upper. Most leaves 
exhibit differences sufficiently marked to enable one to dis- 
tinguish the epidermis of the upper from that of the lower 
surface ; thus stomata are often absent from the upper surface, 
and palisade tissue is not, as a rule, to be found abutting on the 
lower epidermis. 

Sketching. — It is very necessary that the student should 
accustom himself to recording by suitable sketches the details 
of the tissues observed, in order that later on he may compare 
such details with those observed in the powdered drug. As 
the fragments of most powdered leaves comparatively seldom 
show transverse sections of the interneural mesophyll, and still 
more seldom transverse sections of the midrib, diagrammatic 
sketches of these should for the present suffice (compare 
figs. 53, 56, 1 ). The details of the various tissues and elements 
should, however, be carefully drawn, care being taken to avoid 
all unnecessary multiplication of similar cells and to retain the 
correct relative size. Fig. 60 shows the structural details 
of a senna leaf and the manner in which they should be recorded 
for future reference. 

Examination of Powdered Senna.— The student will now 
have advanced so far as to be in a position to undertake the 
examination of a powdered drug, and for this purpose he may 
select powdered senna. 

It will be very undesirable for him, for the present at 
least, to examine any powdered drug until he has made him- 
self acquainted with the anatomy of that drug by sections and 
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other treatment, as directed in the preceding chapters. Indeed, 
in any case the most rational course to adopt is first, to deter- 
mine themacroscopical characters of the drug, next the minute 
structure as revealed by careful, systematic investigation, and, 
lastly, to examine the drug in the powdered state and ascer- 
tain the changes that these tissues undergo when subjected 
to the operation of powdering. 

A little consideration will show that the effect of pulverisa- 
tion will probably be greater upon soft and delicate tissues 
than upon tough and hard ones, and that it will be more 
marked as the extent to which the pulverisation is carried in- 
creases. Sclerenchymatous fibres with comparatively thick walls 
may therefore be expected to resist pulverisation better than 
vessels, the walls of which are comparatively thin, and these 
again better than parenchymatous cells, the walls of which are 
not lignified. Moreover, those cells which are firmly held together 
in the drug will probably remain more or less firmly attached 
to one another when the drug is powdered. Such collections 
of cells may also present themselves to observation in positions 
different from those that they occupy in carefully prepared 
sections. Oblique views of various groups of cells will probably 
be met with, and be more difficult of interpretation than 
accurate sections, not only on account of their obliquity, but 
also on account of the thickness of such collections of cells and 
the variety of cell forms that may be associated together. 
Investigation shows that this is actually the case, and that, 
thereby, the correct interpretation of many of the particles 
visible when the powder is examined under the microscope is 
rendered a matter of some difficulty. In finely powdered 
leaves, for example, the cells of the palisade tissue and spongy 
parenchyma are often so broken up as to be scarcely recognis- 
able. The vessels and sclerenchymatous fibres are better 
preserved, and can usually be identified. The epidermal cells, 
held together by the resistent cuticle, occur in small plates, 
while the collenchymatous tissue of the midribs is present in 
fragments, often several cells wide and thick. Hairs that are 
composed of large thin-walled cells suffer the same fate as the 
parenchymatous cells, but are more easy to identify, as they 
are covered by a very thin cuticle that can be stained by 
appropriate reagents. 

In the present case, the examination of transverse and 
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longitudinal sections, and the investigation of the epidermis 
and appendages borne by it, give a sufficient knowknlgt^ of the 
structure of a leaf to allow of the studcuit proceeding to th(^ 
examination of the powder. This examination is, in itself, a 
clM‘ck upon the examination of the leaf, for (wery cell and 
cell content presemt in the leaf must b(i present in the powd(‘r 
and, conv(Tsely, evc^ry cell and c(*ll contemt in the powder 
must he d(*rived from and be pn*sent in the leaf. Th(^ studiuit 
shoukl, th<u‘efon‘, (‘xaminc^ the powde^r for thc^ more important 
(‘lemmfs, ik(\, that liavt! Ixuui obs(U'V(‘d in k‘af, and sliould 
also satisfy hims«*lf that th<‘n‘ is no (‘kumuit in th(‘ powder 
whk*h cannot identify with om* in th(‘ k*af. 

Coarse Powder. d)ry some* s(*nna leaves in a. warm drying 

(diamlKu* ((jr <iver qui(*klimt*) and reduce thenn in an iron mortar 
to a coarse {al)out No. 20 to 40) powd(*r. Sift this coarse 
jKiwdffr first through a No. 20 and then through a No. (x) sieve, 
so as to sc4)arate the coarsen particles (those that rtanain on 
the* No. 20 sieve) from the medium (those, that remain on the 
No. fx) sieve) and from tlie fine* (those that pass tlirougli tlu^ 
No. (m sieve*). 

Examine tht* (‘oarsf* |K)wder first. Spnsul it on a. sht‘(‘t of 
paper, and examine it with a hand kms ; j)ick out fragmtuits 
with a damp brush hir S(*(*ti(iUH*utting. If tlien* is any differ- 
ence pic k out the |)iec:i'S that slunv it and (*xamiiu‘ them 

iUf,. Oo. Sfruc tural DiUitils of Sctnria f.oif. '/370. (Mnyc'r.) 

j. Loi%^*T rpidcrml'i, Mirfao! vit*w ; a, r, fUoma with uppc*f, luiUclh*, and 
hiwf'f part rr'i|mdivi‘ly in focuH; X, near of hair {m glyr,(*rin alter 
tdiloral liy<irat.r|. 

t. Hrediwi of epidmiib with fdoma; snh, mncdlagc* (chlorul and gly(:.(*rin). 
Hair. 

"U 5 » ?• Verlkal ro%v« of cadln with cakiiim oKalatc? cry^dalH, from thn 

iiildrih, in varifiiin |iositioiiH. d’hn cakium oxalate* ha.s lHx*n diHj-coIvcuI 
from 5, o, and 7 hy atdd. 

H. Fraginorii of a .ji Irrom hymatoun fthre c>f nddrilg i‘^datod hy t>otaMHinm 
rlilorato and nitric, add. 

0. S|ni;d vended Iriiin one* of thn ?4uaU<*f v<*inU*ts. 

Fragfncnl cd pitted vr'i"-4*l ffrnn inidril). 

St, *lhr ^aiiie frmn a veinlel. 

ti. Fragment of h|dra! vov-ic! from midrit*. 

I j, I'lTimiiation of a vrinlet, from 'iurfaef ^eedion, a, '*c h^rc*ntd»yuiaton'{ ecdl ; 

I, iidererlhdar cr. 

ip Cell eontiuning a rovdliT erydal of rah'itiiu c»xahiin ; frenn the powder. 

15. I'.|aflrriiial and lali'ade t.db of upper ‘airfaei*, IranHver^e flection (glyc'erin 

after diloral|. 

IC. Fali'-ade ♦ i'IIh of mider ^»urfaee. 

17. Siiflafe vi»”%v of spongy pareric liyma ; /, intcm-.elhdar fipac'e;;. 

|H. C‘f#lleiiehyniatoir. i ell*i from the imdrih, longitudinal anpeid. 

Of. Fali'iadr 'cell, with ion<fne» of unknown nature. 
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separately. Take pieces of the midrib as well as of the lamina. 
Treat them as follows : 

(1) Fix some on elder-pith previously cut and moistened 
with gum and glycerin ; place the fragments, if possible, so 
as to cut the veins transversely ; put them in a warm place 
for a few minutes until nearly dry ; then adjust the other half 
of the pith, press together, and cut sections. Transfer the 
sections of pith with the sections of leaf adhering to them to 
alcohol, then to a slide; moisten with water, and mount in 
chloral hydrate, or place the pith with the sections in chloral 
hydrate and warm gently. 

By such means sections may easily be obtained ; with a 
little care even that which passes through a No. 20 sieve but 
remains on a No. 60 may be so treated. 

(2) Warm some of the fragments in chloral hydrate, and 
examine. Should this method make the leaf transparent 
enough, the characters of the epidermis, &c., may be 
determined. 

(3) Mount one or two fragments in solution of potash. 
Warm until the liquid boils gently, and cool. Press the 
coverslip firmly down and at the same time slide it along. 
By this means the epidermis may often be detached when 
chloral hydrate fails to make the leaf sufficiently transparent. 

Medium Powder. — ^Next examine the fragments of medium 
size. Rub about 0-2 gramme with 10 c.c. of solution of chloral 
hydrate in a small mortar and transfer to a test-tube, or, better, 
to a centrifuge tube. Warm in a water-bath for ten to twenty 
minutes, remove, and allow the fragments to subside, or, far 
better, separate them by centrifugation. Pour off the super- 
natant dark-coloured liquid, and transfer a little of the deposit 
to a slide. Add a drop or two of solution of chloral hydrate and 
examine. The digestion with the chloral hydrate will have 
removed most of the colouring matter and made the fragments 
transparent. 

Maceration of the powder for twenty-four hours in a closely 
covered watch-glass with sufficient solution of chloral hydrate 
to form a thin cream will also yield excellent results. 

Many of the fragments exhibit the surface of the leaf, many 
the section ; both may be compared with the sketches of senna 
and of the coarse powder. Numerous fragments of veins will 
also be found, the pericyclic fibres with their accompanying 
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crystal cells being especially conspicuous. The details in this 
preparation are usually very clear. 

Fine Powder. — Lastly, examine the fine powder ; this will 
contain the majority of the small fragments of parenchy- 
matous cells, the isolated crystals from the pericyclic fibres, 
sand, &c., all of which will pass through the No. 60 sieve. In 



Fig. 61 . — Powdered Senna, co, collenchymatous cells ; cvj 
prismatic and cluster crystals ; ei, lower epidermis ; 

en^ neural epidermis ; es^ upper epidermis ; debris of fibro- 
yascular bundles ; /p, lignified fibres from midrib or veins ; 

ipf scar of bair ; 1, bast ; p, hair ; paj p'a\ palisade cells ; st, 
stomata ; tc, cells with calcium oxalate ; cortical tissue of 
midrib ; tr, vessels, x 240. (Greenish and Collin.) 

addition there will be present such small fragments of the leaf 
as can pass through the sieve. 

Mix about o-2 gramme with lo c.c. of solution of chloral 
hydrate and warm for five minutes ; this suffices to clear and 
decolourise the fine powder. Allow it to deposit, or separate it 
by centrifugation. Or mount a little of the powder in solution 
of chloral hydrate and examine after an hour. 

Groups of pericyclic fibres accompanied by the crystal cells 
are conspicuous ; isolated and broken fibres may also be 
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observed and identified ; portions of the epidermis are easily 
found ; hairs are more or less numerous, and many isolated 
crystals of calcium oxalate are also to be found. Most of 
the delicate parenchymatous cells of the palisade and spongy 
parenchyma are reduced to fragments that are difficult to 
identify ; fragments of long, narrow, cylindrical cells (palisade) 
with (under) or without (upper) wavy walls, rounded thin- 
walled parenchjnnatous cells with intercellular spaces (meso- 
phyll) and rather larger elongated parenchymatous cells 
with thicker walls and numerous pits (cortex of midrib) may, 
however, be detected. 

Next reduce a little of the original drug to fine powder ; 
f ake about as much in bulk as a white mustard seed ; moisten 
rvith alcohol, and, when nearly dry, add chloral hydrate, cover, 
and examine. The particles of powder will probably be 
sufficiently decolourised in a few minutes. Examine, and 
compare with the previous examination. 

This preparation serves as a check upon the foregoing, and 
is also useful in affording information as to the relative propor- 
tion in which each of the various tissues is present. 

Examination of the Fine Powder of Commerce. — Purchase 
some powdered Tinnevelly senna, and examine it with the 
object of: 

(1) Identifying it as senna ; 

(2) Ascertaining its freedom from other leaf powders. 

Mix about 0‘2 to 0-5 gramme with sufficient water to make 
a thin cream, cover it closely and allow it to stand from 12 
to 24 hours. Make similar preparations with dilute glycerin 
and with solution of chloral hydrate, but cover the glycerin 
preparation with a filter paper only (to exclude dust) ; 
then mount each in a sufficient quantity of the mountant 
and examine in the order named. The water and glycerin 
preparations will show the colour best, but the chloral 
hydrate preparation will be the clearest. The particles of 
good senna which contain chlorophyll should have fine 
green colour, brown or yellowish-brown particles indicating 
a dark, discoloured drug. This method of treatment is 
very useful for powdered drugs generally ; care should always 
be taken to stir well before mounting, in order to ensure the 
correct proportion of the various tissues, &c., in the mounted 
preparation. 
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Mount a little in chloral hydrate, and compare with the 
powder of the genuine leaf ; the various tissues, &c., should be 
present in about the same relative proportion. 

Lastly, examine the powder to ascertain whether any foreign 
powder is present. Focus and examine every particle in the 
field of the microscope ; it should be possible to assign to every 
one its position in the leaf, and impossible to find any particle 
differing so markedly from any of the tissues of the senna leaf 
as to leave little doubt of its being of foreign origin. Repeat 
this examination several times. 

Diagnostic Characters. — [a) The stomata, which are bordered 
by two cells with their long axes parallel to the ostiole ; (&) the 
one-celled, thick- walled, warty hairs, many of which are curved ; 
(c) the pericyclic fibres with moderately thick walls and accom- 
panying crystals ; {d) the isobilateral structure ; {e) the 

characteristic palisade cells of the under surface with wavy 
walls ; (/) the polygonal epidermal cells on the surface of which 
are granules of wax. 

Portions of the powder showing these characters should be 
sketched and the sketches compared with those made from 
the leaf itself. 

Buchu Leaves 

Source. — The leaves of Barosma hetulina, Bart, and Wendl. 

Preparation of Sections. — Prepare a leaf for cutting by 
exposing it to a moist atmosphere for three or four hours. Cut 
transverse sections of the midrib as directed on p. 99, and 
place them in alcohol. 

Examination. — Examine one of the thinnest in glycerin. 
The structure is not very distinct, but the following particulars 
can be made out : 

The outer walls of the cells of the upper epidermis are very 
thick, transparent, and homogeneous ; the epidermal cells 
themselves have small cavities in which granules are visible ; 
below the cavity of each cell there is another thick, transparent 
wall. 

Allow water to flow on ; the inner wall gradually swells and 
becomes invisible or nearly so ; the swelling is most marked 
in the epidermis of the lamina between the midrib and the 
margin, and is so great as to lift the epidermis from the 
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remainder of the tissue, rupturing the vertical cell walls. The 

swelling is due to mucilage. , 

Mount a section in a drop of solution of ruthenium red 
in lead acetate. The mucilage swells, and is coloured pink. 
Some of the cells of the lower epidermis also colour red, showing 

cryst. 




Fig. 62. — Buchu Leaf, transverse section of epidermis before and 
after the addition of water, cryst. y sphaero-crystalline masses of 
hesperidin ; cut., cuticle ; ep., epidermis ; muc., mucilage ; 
pal., palisade. X350. 

that they too contain mucilage. Less striking red colora- 
tions may be observed in the bast and in the walls of part of 
the parenchymatous tissue. 

Transfer a section from alcohol to alcoholic solution of methy- 
lene blue (o*i gramme methylene blue, 25 c.c. 95 per cent, 
alcohol) and after a minute or two allow a solution of methylene 
blue in glycerin to run on (0*2 gramme methylene blue, 10 c.c. 
alcohol, 40 c.c. glycerin) ; the mucilage is coloured blue. A 
saturated aqueous solution of Bismarck brown may also be used 
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to detect mucilage, but the ruthenium red reagent is the 
best. 

The examination of sections treated in this way would lead 
one to suppose that the mucilage was deposited in a layer of 
cells below the epidermis ; this, however, has been shown not 
to be the case. It is deposited on the inner surface of the lower 
wall of the epidermal cell itself in a manner analogous to that 
described for senna (see p. 106). 

Mount a fresh section in water ; examine the granules in 
the epidermal cells, disregarding the mucilage ; they appear 








Fig, 63. — Buchu Leaf. Upper and lower epidermis. X250. 

crystalline. Irrigate with solution of potash; they dissolve 
with yellow coloration (reaction of hesperidin). Examine 
them more in detail from surface preparation, as described 
below. 

Examine the outer wall of the epidermal cell ; it appears to 
consist of two layers, the outer of which (cuticle) bears curious 
little protuberances. Irrigate with solution of chlorzinciodine. 
The cuticle stains yellow, the inner layer violet. 

Examine the cells of the lower epidermis ; they resemble 
those of the upper but are smaller, and scattered among them 
are stomata. The palisade cells contain granular matter, 
among which minute starch grains can be detected by the iodine 
reaction. In the palisade and in the spongy parenchyma there 
are rosette crystals of calcium oxalate, but no single crystals can 
be found. 
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Surface Preparations. — Soak a leaf in water, and when the 
mucilage has swelled insert a needle under the epidermis of the 
upper surface and strip it off. Examine in water ; if much air 
is entangled in the section get rid of it by one of the means 
alluded to on page 66. Observe first the cells : they are poly- 


Fig. 64. — Powdered Buchu Leaves, cf, calcium oxalate in cluster 
crystals ; ei^ lower epidermis with crystals of hc.speridin ; 
en^ neural epidermis ; Rp, epidermis of petiole ; es^ dipper 
epidermis ; /, sclerenchymatous fibres ; /', fibrous cells from 
veinlets ; hesperidin ; w, mesophyll cells ; p, hairs ; />a, 

P'a\ palisade cells ; tfy cortical tissue of midrib ; vessels. 

X 240. (Greenish and Collin.) 

gonal, and measure about 60 to 90 long and 40 to 60 /i wide. 
Their surface appears faintly and coarsely granular ; this is due 
to the small protuberances mentioned above. There are no 
stomata. 

Examine the distribution of the hesperidin. Much of 
it is in the form of sphaerites, but there are also radiating 
tufts as well as loose crystals. Almost every epidermal cell 
contains hesperidin. 

To examine the epidermis of the under surface, cut thin 
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surface sections and place in alcohol for half an hour or more. 
Transfer to water, and treat with solution of potash to remove 
the hesperidin. 

The cells are polygonal, -from 20 to 60 long, with walls that 
are not very thick. The stomata are very numerous, they are 
broadly oval, and are provided with a large ostiole. Here 
and there a group of a few smaller cells with thinner, pitted 
walls can be distinguished ; these are the cells above the 
oil glands. 

The midrib can be examined in the usual way. The wood 
of the meristele is fan-shaped, and the elements of which it 
consists are very small. Below the wood is an arc of bast, and 
below that again a crescent of pericyclic fibres. 

Examination of the Powder. — Bearing in mind the con- 
stituents and the structure of the drug, the following method 
for examining the powder will prove satisfactory. 

If it consists of a mixture of coarse and fine particles, separate 
these and examine them separately, as directed for senna. The 
fine powder should be treated as follows : 

Mix a little with alcohol to remove air, and, when nearly 
dry, add 

{a) Solution of ruthenium red in lead acetate ; the gelatinous 
masses of mucilage are easily detected by the pink 
colour they assume : they are distributed over the whole 
slide. 

(6) Chloral hydrate) the hesperidin can, after a few 
minutes, be distinguished as sphaerites in the epider- 
mal cells ; it is insoluble in water, alcohol, or chloral 
hydrate, but soluble, with yellow coloration, in 
caustic potash. The cuticle appears coarsely, but 
faintly, granular, and is often fissured (probably 
due to the contraction during the drying previous to 
powdering) . 

(c) Solution of fotash ; the hesperidin dissolves, with yellow 
coloration. 

The palisade cells are often in groups with the mucilage 
attached to them ; the pericyclic fibres are in bundles, but 
they are free from crystals of calcium oxalate ; the latter 
substance occurs in cluster crystals only, and is best seen in 
the potash preparation, as this is free from crystalline masses 
of hesperidin. 
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Tea 

Source. — The leaves of Camellia Thea, Link. 

Preparation and Examination of Sections. — Infuse some 
of the leaves of Congou tea in boiling water twice in order to 
remove as much of the colouring matter as possible. Pick out 



Fig. 65.— Tea, transverse section through the midrib, hd, hypoderma ; 
g, vessels in wood; -p, parenchyma; s, sieve tis.suc; sch 
sc erenchymatous fibres; sp, stoma; st, sclerenchymatous 
idioblasts. xrgo. (Wamecke.) 

some of the larger pieces that contain the midrib as well as 
the margin, and remove the superfluous moisture with blotting 
paper. Cut from some of the fragments small portions, taking 
care to include the margin, and put them into solution of 
chlord hydrate in a small wide-mouthed bottle. They should 
remain a couple of days, or even longer, in this solution, and 
should then be used for surface preparations. 

From other fragments cut transverse sections of the mid- 
nb as usual. 

The leaf is bifacial ; the epidermis of both surfaces is composed 
of small cells, and may bear long hairs ; there are often two 
rows of palisade cells, but sometimes there is only one ; the 



spongy parenchyma exhibits large air-spaces. In the centre 
of the leaf there are numerous cells containing calcium oxalate 
in varying forms, cluster crystals being often associated with 
small (sandy) crystals in the same cell. 

In most varieties of tea there are remarkable sclerenchy- 
matous cells (idioblasts) in the mesophylL These cells are 

usually conspicuous in old 
leaves, or can easily be made so 
by staining with phloroglucin 




Fig. 66 . — Hairs of Tea 
Leaf. (Moeller.) 


Fig, 67. — ^Tea Leaf, cleared by chloral 
hydrate, showing the veinlets, mar- 
ginal tooth, and distribution of scler- 
enchymatous idioblasts, and calcium 
oxalate crystals. Slightly magnified . 
(Schimper.) 


and hydrochloric acid, as their 
walls are strongly lignified. 
They may occur in the lamina 
as well as in the cortex of the midrib, but in young leaves (such as 
constitute Pekoe tea) they are found in the midrib only and 
are thin- walled, although also lignified; whereas, in the bud, 
they may not even be lignified. If any difficulty be experienced 
in finding them, cut from the under surface of the leaf tangential 
sections of the midrib ; some of these will pass through the 
cortex, and exhibit the sclerenchymatous cells well. 

Surface Preparation. — Examine next the leaf that has been 
soaked in solution of chloral hydrate, taking the under surface 
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first. Observe the hairs. These are less abundant on old 
leaves than on young ones. They are often very long, many 
attaining 500 to 700 yu, in length ; they are narrow, one-celled, 
and thick-walled ; they are bent nearly at right angles near the 
base, so as to lie almost fiat on the surface of the leaf : they are 
often surrounded at the point of insertion by radially arranged 
epidermal cells. 

Next examine the epidermis. The cells are not very easy 
to see and require careful adjustment of the fight ; if diffi- 
culty is experienced, cut surface sections, soak them first in 
chloral hydrate, then in glycerin, and finally transfer to water, 
or transfer them from chloral hydrate to a more dilute solution 
of the same reagent. 

The cells are slightly wavy in outline, distinctly so in old 
leaves, scarcely perceptibly so in young ones ; they often exhibit 
traces of the treatment the leaves have undergone. The stomata 
are broadly oval, and exhibit a narrow ostiole ; they are sur- 
rounded by three or four narrow, tangentially arranged cells. 
These stomata are characteristic, and should be carefully 
observed. 

Lastly, examine the venation of the leaf, and the teeth at 
the margin. Each tooth is a conical mass of parenchymatous 
cells, and often falls off, leaving, in old leaves, a brown scar. 
A veinlet runs up to this scar, and, there, generally spreads a 
little. The teeth and venation are characteristic. 

The epidermis of the upper surface consists of small, delicate, 
polygonal cells, and exhibits no stomata. 

Young leaves (Pekoe tea) are thinner and greener, and are 
more easy to clear and examine than the older and darker 
leaves of which Congou tea consists. The sclerenchymatous 
idioblasts are to be found in the midrib only, and the teeth are 
usually still attached. 

The following characters serve to identify the leaf : 

Diagnostic Characters. — 

{a) The hairs, their shape and size, together with the radiate 
arrangement of the cells at the base. 

{b) The crystals of calcium oxalate ; they are cluster 
crystals, and are often accompanied by crystal 
sand. 

(c) The sclerenchymatous idioblasts, especially those of the 
petiole and midrib ; they are never entirely absent. 


[d) The stomata. 

[e] The teeth at the margin, or the scars left by them. 
Examination of the Powder. — Powdered tea may be 

examined as directed for powdered senna. Digestion with 
chloral hydrate and subsequent separation by centrifugation, 


Fig. 68. — Powdered Tea. cr^ crystals ; ei, lower epidermis ; 
erij neural epidermis ; ep, apex of marginal tooth ; es, upper 
epidermis ; ffuy d6bris of fibrovascular bundles ; bast with 
cluster crystals ; w, spongy parenchyma ; p^ simple hairs ; 
pay p'a'y palisade cells ; per, pericycle, slightly lignified ; scy 
idioblasts from the mesophyll and cortical tissue ; s'c'y idio- 
blasts from the pith of the stem ; tfy cortical tissue ; tVy tracheids ; 
vly vessel. X240. (Greenish and Collin.) 


repeated a second time, is strongly to be recommended. The 
final deposit can be washed free from chloral hydrate (separating 
by the centrifuge) and stained with appropriate reagents (e.g. 
phloroglucin and hydrochloric acid, by which the sclerenchy- 
matous cells are at once made conspicuous) . 

Powdered tea may also be examined by moistening a little 
on a slide with alcohol, allowing it nearly to dry, adding chloral 
hydrate, and gently warming. 
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Stramonium Leaves 

Source. — The leaves of Datura Stramonium, Linn. 

Preparation and Examination of Sections. — Soften in the 
usual way. Cut and examine sections of the midrib, with part 
of the adjoining intemeural portions. 

The midrib is convex above and strongly convex below. 
The wood of the meristele has the shape of a rather flat arc ; 
it contains large vessels, often 30 /i or more in diameter, and is 
provided with bast both above and below (a constant character 
in plants belonging to the order Solanacese). The bast 
contains no sclerenchymatous elements, nor are there any 
pericyclic fibres. 

(, The endodermis cannot be distinguished. The cortex is 
composed of large cells, some of which are filled with sandy 
crystals of calcium oxalate ; cluster crystals and prisms may 
also be found, but they are less frequent. 

The intemeural spaces exhibit an asymmetrical, hetero- 
geneous mesophyll. The palisade cells are long and narrow, 
and occupy about one-half of the mesophyll. The spongy 
parenchyma is rather dense. Cluster crystals of calcium 
oxalate are present in abundance, they are situated chiefly 
in the spongy parenchyma abutting on the palisade ; some 
prismatic crystals and occasionally a cell with sandy crystals 
may also be found. 

Surface Preparations. — ^Warm some fragments of the 
lamina (between the stronger veins) in chloral hydrate on the 
water-bath, for about half an hour. Examine in chloral 
hydrate. The features of the epidermis and the distribution 
of^the stomata can generally be easily seen. This method, 
however, occasionally fails, in which case one of the others 
described on pp. loi and 109 should be tried. 

The epidermal cells vary considerably in size as well as in 
outline. For the same leaf the lower epidermis has cells with 
more wavy walls than the upper. Stomata are to be found on 
both surfaces ; they are surrounded by three or four cells, one 
of which is smaller than the others, a common feature in 
solanaceous leaves. 

Two forms of hairs are present, simple and glandular ; they 
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are generally more numerous on young leaves and near the 
veins. On older leaves there are often hut few to be found. 


Fig. 69. — Stramonium Leaf, transverse section through, the midrib. 
ep.j epidermis ; cr.^ cluster crystal of calcium oxalate ; coll., 
collenchymatous tissue ; pal, palisade. (After Tschirch.) 

The simple hairs are uniserial and conical. They 
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composed of from three to five cells, the walls of which are 
warty and not very thick. 

The glandular hairs are short, and consist of an oval 
pluricellular gland supported upon a pedicel. 

Examination of the Powder. — Powdered stramonium is best 



Fig. 70. — ^Powdered Stramonium Leaves, cvy crystals ; ccr^ crystal 
cells; eiy lower epidermis; en, neural epidermis; es, upper 
epidermis ; debris of fibrovascular bundles ; 1, bast ; ms 
spongy parenchyma ; pa^ p'a\ palisade tissue ; pg^ glandular 
hairs ; po, poUen grains ; pty simple hairs ; cortical tissue 
of midrib; tr, v, vessels, &c. X240. (Greenish and Collin.) 

prepared for examination by the method described under 
Powdered Senna (pp. 113 to 117). The powder is liable to 
contain much sand ; this is conspicuous in the deposit obtained 
by allowing the mixture of powdered stramonium and chloral 
hydrate to stand for a few moments. The suspended 
particles should then be separated and examined. 

Some fragments exhibit the surface of the leaf, but there 
are many that exhibit the section ; and these can easily be 
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identified by comparison with the sketches previously made, 
noting particularly the form and distribution of the calcium 
oxalate. The epidermis is, as a rule, not well seen even in 
those fragments that present their surface to the observer. 
Groups of axially elongated cells derived from the cortical 
parenchyma of the midrib are frequently to be found, the 
cells of which they consist being often rather large- Cluster 
crystals of calcium oxalate are abundant, but pericy die fibres are 
not to be detected. The vessels are often of considerable size. 

Among the smaller fragments, portions of the epidermis 
and of the cortex of the midrib may be found. In addition to 
these fragments of tissues which are readily identified, there 
are abundant debris of cells, portions of cell walls, &c., the 
origin of which is not so easily ascertained. The hairs, char- 
acteristic when present, are often so rare as to require careful 
search ; they are usually more or less broken up, so that 
fragments only can be found (for a means of staining these 
see p. 138). 

Mount also fresh preparations of the powdered leaf in 
chloral and in dilute glycerin, allowing them to stand for a short 
time before examining them. 

Diagnostic Characters. — Diagnostic characters are to be 
found in 

{a) the characters of the transverse section (which may 
always be found), especially the long, narrow, palisade 
cells and the calcium oxalate ; 

(b) the characters of the surface preparations ; (especi- 

ally the calcium oxalate and the epidermis when 
visible) ; 

(c) the hairs, which are often very rare ; 

(d) the size of the vessels of the wood and of the cortical 

cells of the midrib. 

Coca Leaves 

Source. — ^The leaves of Erythroxylon Coca, Lam. 

Preparation and Examination of Sections. — Select for 
examination well-preserved Bolivian coca leaves. Prepare 
them for cutting by exposing them to moist air. Cut sections 
of the midrib at the proper point (see Bearberry Leaves), and 
treat them as directed for bearberry leaves. 
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The midrib exhibits no remarkable features; there is 
usually an arc or an interrupted ring of sclerenchymatous 
fibres present. Above the midrib, the ridge characteristic of 

Bolivian coca may be seen. 

The epidermis of the upper surface calls for no remark. In 
the palisade tissue observe occasional small prismatic crystals 
of calcium oxalate ; in the spongy parenchyma, cluster crystals 
of the same salt occur. 

The cells of the lower epidermis are very remarkable and 
should be carefully examined ; they are distinctly papillose, and 
at the apex of each papilla the cell wall is lenticularly thickened. 
Sometimes the cells contain mucilage (see Senna Leaves). 



Fig. 


71.— Bolivian Coca Leaf, diagrammatic section, showing the 
distribution of the tissues. X65. 


Prepare also transverse sections through the line that runs 
near the midrib from base to apex. The line is seen to be a 
ridge caused by the formation of several (usually five or six) 
smaller, collenchjnnatous cells beneath the epidermis ; their 
function is probably a mechanical one. 

Surface Preparations. — ^Examine the epidermis as directed 
for bearberry leaves ; observe minute granules and little rods 
on the cuticle (wax), and in each cell, except those surrounding 
the stomata, a clear disc surrounded by such granules ; these 
discs are produced by the papillae when viewed from above 
(see fig. 73). Note also that the stomata are bordered by 
four cells, two of which have their long axes parallel to the 
ostiole. 

Treat the leaf by warming with chloral as directed for 
senna ; the circles on the epidermal cells are visible, but the 
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granules have fused to minute globules ; find and examine the 
curved line ; note the axial elongation of the cells. 



Fig. 72. — Bolivian Coca Leaf, transverse section. cr,y cryvstals of 
calcium oxalate ; ep., epidermis ; pa.^ papillose cells of lower 
epidermis ; pal.^ palisade ; v,^ veinlet ; f., line on under surface. 

X200. 

Some coca leaves also contain remarkable branched 
sclerenchymatous cells arranged parallel to the epidermis and 
closely applied to it. They are easily detected in surface 
preparations, but may escape notice in sections. They are 
probably mechanical in function. 



Fig. 73.— Coca Leaf* Lower epidermis. (Moeller.) 


Examination of the Powder, — Examine this as directed for 
senna leaves. 
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Diagnostic Characters. — 

(a) The small, polygonal, papillose 


cells of the lower 


(b) 


The small stomata accompanied by two cells with their 
long axes parallel to the ostiole. 



Fig. 74.— Powdered Coca Leaves. cVy prismatic crystals of calcium 
oxalate ; ei^ lower epidermis, with surface view of papillose 
cells (pf ) ; e'i', lower epidermis in section ; /, sclerenchymatous 
fibres; -ffv, fragments of vessels from midrib; bast; me, 
spongy parenchyma ; pcc^ p'o/, palisade cells ; sty stomata, with 
two subsidiary cells parallel to the ostiole ; tc, crystal cells ; 
tfj cortical tissue of midrib ; tfy vessels, &c. x 240. (Greenish 
and Collin.) 


(c) The pericyclic fibres. 

(d) The prismatic crystals of calcium oxalate. 

(e) The absence of hairs. 


Savin 

Source. — The extreme tops of the twigs of Juniperus Sabina, 
Linn. 

Preparation and Examination, of Sections. — Soak some 
small twigs of savin, preferably those with small appressed 
leaves, for twelve hours in water. Cut transverse sections, and 
treat as usual. 
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The leaves are opposite and decussate, and the lower portion 
is usually adnate to the stem, the upper portion being free. 
On the under surface of each leaf a large oil gland can be 
seen. The sections cut may therefore be sections of the 
leaves without the stem, or sections of the small stem to which 
the two opposite leaves are attached. 

The structure of the leaf is centric and the shape of the 
section nearly a semicircle. The meristele is embedded in the 
centre of a homogeneous mass of parenchymatous tissue ; it 
consists of a small, slightly arched group of tracheids with 



Fig. 75. — Savin, transverse section of tvirig. ca^ cells with bordered 
pits ; ed, epidermis of lower surface of adnate leaf ; eVy epidermis 
of upper surface; oil gland; A, hypoderma; sty stoma. 
(Collin.) 

bast on their lower surface. The endodermis is not distin- 
guishable, nor is there any fibrous pericycle, but on each side of 
the wood there is a small group of lignified cells with irregular 
thickenings (transfusion tracheids) ; these are very conspicuous 
when stained with phloroglucin and hydrochloric acid. 

The epidermis consists of cells nearly square in section 
and provided with a thick cuticle. Stomata occur on both 
surfaces, but on the portion of the leaf that is free, they are 
generally restricted to the upper surface. 

Below the epidermis there is a hypoderma consisting of 
a single or sometimes double row of cells with small rounded 
outline and thickened walls. Embedded in the lower portion of 
the mesophyll is a large oil gland. 
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Stain a section with phloroglucm ; observe that the wood 
and transfusion tracheids are strongly lignified, the hypoderma 
less strongly so. Examine minutely the stomata , these also 

yield the lignin reaction. . . 

^MaMiation Preparatio».-Digest a twig m solution of 
potash in a water-bath for fifteen minutes ; wash in distilled 

water and tease out on the slide. ^ , 

The epidermis is composed of cells with moderately 



Pig. 76, — Savin, transverse section of leaf, ca, cells with bordered 
pits ; ed, epidermis of lower surface ; ev, epidermis of upper 
surface ; fu, oil gland ; h, hypoderma ; m, mesophyll ; pa, 
palisade; st, stoma. (Collin.) 


thickened pitted walls. Near the stomata they are more or 
less isodiametric, but in other portions axially elongated. 

Below the epidermis and closely adherent to it is the hypo- 
derma ; the cells can be teased apart, and are then seen to be 
long and narrow, with small lumen, blunt ends, and irregular 
outline. 

Examine the stomata carefully. They are surrounded by 
four or five cells, which partly overhang the guard-cells. The 
latter are lignified, especially on their mutually apposed sur- 
faces, and from the extremity of the stoma there appears a 
small lignified projection (compare fig. 77) ; this appearance 
is very characteristic. 

In the teased leaf groups of the transfusion tracheids are 
easily found. 
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Examination of the Powder. — Powdered savin is best pre- 
pared for examination by exhausting with chloral hydrate. 
The stomata and transfusion tracheids are very characteristic, 
and can be detected at once in a stained preparation. The 
epidermis is also easily found and characteristic, but the 
details of the fibrous hypoderma are difficult to distinguish, as 



Ce 

Fig. 77. — Powdered Savin, ca^ cg^ cells with areolated pits and 
supports ; ed^ e'd', lower epidermis ; e"d'\ the same with 
fibrous hypoderma attached ; ev, upper epidermis ; fa, reticu- 
lated fibrous cells ; st, stomata ; tr, tracheids ; m, mesophyll ; 
sc, sclerenchymatous cells (found only in J. phoemcea, the 
twigs of which are sometimes substituted for those of /. Sabina) ; 
fly bast fibres from stem. X240. (Greenish and Collin.) 

the latter adheres pertinaciously to the epidermis. The stomata, 
the transfusion tracheids, the epidermis and the fibrous hypo- 
derma render this leaf one of the easiest to identify. 

Diagnostic Characters. — 

{a) The characteristic stomata. 

(6) The epidermis with fibrous hypoderma (often not 
readily visible) . 

(c) The lignified cells with areolated pits. 

[d) The reticulated fibrous cells. 
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Foxglove Leaves 

Source.— The leaves of Digitalis purpurea, Linn. 

Preparation and Examination of Sections. For examina- 
tion, select preferably foxglove leaves that are not very hairy 
under surface ] by this means the examination of the 
epidermis in surface preparations is much facilitated. Prepaie 
them for cutting by exposing them to a moist atmosphere for 
twelve hours ; at the same time soak some small fragments 
of the intemeural lamina in chloral hydrate. 

Cut and examine transverse sections of the midrib as usual. 
Observe that the wood is crescent-shaped, and possesses nume- 
rous large vessels. Below it is the bast, which is supported by a 
sheath of collenchjmiatous cells ; a similar band of collenchyma 
is visible above. The cortex is composed of parenchymatous 
cells which, in transverse section, are rounded, but in radial 
section are (as is usual) axially elongated. 

Examine the intemeural spaces. The leaf is dorsiventral ; 
the palisade cells are short and broad, and the mesophyll 
occupies about the same space as the palisade. The epidermal 
cells of the upper surface are comparatively large, those of the 
lower are small ; the latter surface exhibits stomata that are 
raised above the level of the epidermis. Both surfaces bear 
characteristic hairs. These are either simple (protective) or 
glandular. The former are uniserial and pluricellular ; they 
usually consist of three to five (exceptionally as many as ten) 
thin-walled cells, and are either slightly warty or nearly 
smooth; frequently the cells are collapsed. The glandular 
hairs consist of a short pedicel supporting a one- or two-celled 
gland. The hairs and the stomata can be better examined 
in surface preparations. 

In no part of the section can calcium oxalate be detected. 

Surface Preparations. — ^The surface of the leaf can best be 
examined by warming in chloral hydrate in a water-bath for ten 
to fifteen minutes, or by allowing it to stand cold for twelve to 
twenty-four hours ; occasionally dilute solution of potash gives 
the best results. Cut out from a piece of a leaf all the larger 
veinlets rmtil the fragments are only one or two millimetres in 
diameter. 

The upper epidermis is usually very distinct, and is com- 
posed of polygonal cells with no stomata at all or only very 
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few. The presence of the numerous hairs on the under 
surface rather obscures the field, but under tolerably favourable 
conditions there is little difficulty in observing the wavy out- 
line of the epidermal cells and in detecting stomata. The 
hairs may also be examined in this preparation. 






Fig. 78. — Powdered Foxglove Leaves, co, collenchymatous cells 
of the midrib ; ei, lower epidernjis, cells with sinuous walls ; 
en, neural epidermis ; eSj upper epidermis ; ip, scar of fallen 
hair ; I, hast ; me, spongy parenchyma ; pa, p'a', palisade cells ; 
pg, glandular hairs ; pt, simple hairs ; st, stomata ; tf, cortical 
tissue of midrib; ty, v, vessels, &c. x 240. (Greenish and Collin.) 

Examination of Foxglove Powder. — ^Treat the powder as 
directed for senna (p. no). 

Conspicuous in the preparations are pieces of the cortex of 
the midrib and of the stronger veins ; these are easily identified 
if they still have the epidermis adhering, as this will exhibit 
the broken bases or the scars of hairs. Fragments of the 
smaller veins are also very numerous ; these generally have 
the epidermis attached and can thus be recognised ; they are 
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ako seen to be free from pericycHc fibres and from calcium 
oxalate Some of these fragments include portions of the 
intemeural mesophyll, which is likewise free from calcium 
oxalate. Pieces are also to be found showing their transverse 
section, but these are not so numerous. 

Among the smaller fragments of cells are numerous por- 
tions of the broken hairs. These may be more readily detected 
when stained as follows : 

Transfer a httle of the deposit (obtained by exhausting with 
solution of chloral hydrate) to a slide, carefully remove the 
chloral hydrate, wash with a drop or two of water (which also 
remove), and add two or three drops of Soudan red in glycerin ; 
cover and gently boil for a few seconds, cool, and, if necessary, 
add a drop of glycerin. Allow the preparation to stand for 
a few minutes before examining it. The cuticle and the hairs 
will stain red, the other cell walls acquiring at most only a 
slight colour. The fragments of hairs can thus be found. with- 
out difficulty ; most of them are warty, but some are smooth. 

Diagnostic Characters. — 

{a) The wavy epidermal cells with small stomata. 

(J) The simple hairs, mostly three- to five-celled, with thin, 
often warty walls. 

(c) The absence of pericyclic fibres. 

{d) The absence of calcium oxalate. 

Belladonna Leaves 

Source. — ^The leaves of Atrofa Belladonna, Linn. 

Preparation and Examination of Sections. — Prepare and 
examine belladonna leaves as directed for foxglove. Observe 
that the meristele contains bicollateral bundles. The meso- 
phyll is characterised by the presence of large cells packed 
with minute (sandy) crystals of calcium oxalate ; under the 
low power this appears as a dark granular substance. 

The epidermis may be examined either as directed for fox- 
glove, or it may be separated by warming for fifteen minutes 
in a water-bath with solution of potash (about i per 
cent.) ; both methods give good results, but the former is 
perhaps simpler. 

Note the large epidermal cells with wavy walls and striated 
cuticle ; the stomata are also large, and are situated principally 
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on the under surface, each of them being surrounded by 
three or four cells, one of which is smaller than the others 
this arrangement is commonly met with in solanaceous plan . 




Fig 79.— Powdered Belladonna Leaves, ccr, cells with san^ 
crystals of calcium oxalate; co, collenchymatous cells from 
cortical tissue of midrib ; ei, epiderinis of under ^ 

epidermis over the veins, with striated cuticle, 5s, epitemis of 
upper surface, with striated cuticle and occ^ional stoiA^a ■ 

1, bast; me, branching cells of spongy p^enchyma . 
ments of small vem ; pa, pa , pa,hsade cells . > S . . . 

hairs long and short, with unicellnlar and plnricellular glana , 

U simple^hairs ; 5^, stomata surrounded by three pr four cells, 

K which is’ smaller than the others; V.corUcal tissue of 
midrib; fr, z?, vessels, &c. X240. (Greenish and Collm.) 

Hairs may occasionally be found. They are of two kinds, 
simple or glandular. The former are uniserial, and consist of 
two, three, or four thin-walled cells. The latter either 
resemble the simple hairs with the exception of the temunal 
cell, which is glandular, or they consist of a short pedicel 
bearing a pluricellular gland. 
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Diagnostic Characters,— 

(fl) The large epidermal cells; with wavy walls and striated 
cuticle. 

(b) The stomata, surrounded by three or four cells, one 

of which is smaller than the others. 

(c) The cells filled with sandy crystals of calcium oxalate. 

(d) The absence of pericyclic fibres. 

(e) The bicollateral bundles (in the section only). 

Henbane Leaves 

Source —The leaves of Hyoscyamus niger, Linn. 

Preparation and Examination. — Prepare and examine 

henbane leaves as directed for foxglove. 



te.. 


Fig. 8o. — Powdered Henbane Leaves, ccy^ crystal cells; cYy 
crystals of calcium oxalate ; ei^ lower epidermis ; es, upper 
epidermis ; portion of fibrovascular bundle of midrib ; ip, 
scar of fallen hair; m, spongy parenchyma ; p, portion of hair ; 
pay p'a', palisade cells ; pg, glandular hairs ; pt, simple hairs ; 
sty stomata ; //, cortical parenchyma of midrib ; tr, tracheids 
and vessels. X240. (Greenish and Collin.) 

The epidermis of both surfaces is composed of cells with 
very wavy walls and smooth cuticle ; they vary from 40 to 
100 in length. Both surfaces bear simple and glandular 
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hairs, as well as broadly oval stomata. The stomata average 
about 23 to 27 in length. The simple hairs are uniserial and 
conical, and have thin walls. The glandular hairs are usually 
long, uniserial, and terminate in a small biceUular gland, 
or frequently in a large ovoid pluricellular one. 

The mesophyll is heterogeneous and asymmetrical ; the 
cells of the spongy parenchyma often contain prismatic 
crystals of calcium oxalate ; in this respect henbane differs 
conspicuously from stramonium and belladonna, which contain 
chiefly cluster crystals and sandy crystals respectively. 

The midrib is biconvex. The wood is curved, and has bast 
both above and below it, bicoUateral bundles being constant 
in the natural order Solanaceae. Neither bast not pericycle 
contains any hgnified elements. 

Diagnostic Characters. — 

{a) The remarkable glandular hairs. 

(6) The calcium oxalate, mostly in prisms. 

(c) The epidermal cells with wavy walls. 

(i) The stomata surrounded by three or four cells, one of 
which is smaller than the others. 

{e) The absence of pericyclic fibres. 

Identification of an Unknown Powder as 
that of a Leaf 

Having now examined several leaves and their powders, 
the student must inquire by what means he may identify an 
unknown powder as that of a leaf. 

The following are the most reliable characters of a leaf 
powder : 

(1) The presence of an epidermis with stomata, hairs, &c. 

(2) The presence of palisade tissue. 

(3) The presence of abundance of chlorophyll or of the 

brown substance derived from it. 

(4) The presence of veins and veinlets. 

The identification of the botanical source of an unknown 
leaf is extremely difficult unless the leaf happens to be one 
frequently used as a food or a drug. Solereder 1 has given a 
large number of accumulated facts which may be of service in 
this respect. 


^ Anatomie der Dicotyledonen. 
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Finally, it may be observed that, if a powder has been pre- 
pared from leaves only, the following tissues or cell contents 
should be absent : 

(1) Cork cells (with few exceptions, such as eucalyptus 

leaves). 

(2) Aleurone grains. 

(3) Fat and reserve starch (with few exceptions). 

(4) Large proportion of lignified tissue. 

(5) Large, thick-walled vessels. 
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FLOWERS 

After the student has examined a number of leaves and 
made himself acquainted with the methods recommended, he 
may proceed to deal with certain parts of a flower. For 
the purposes of this work, only the most highly organised flowers 
of the group of Angiosperms need be considered. These consist 
of calyx, corolla, stamens, and pistil. 

The calyx is usually a leafy organ and closely resembles 
the leaf in structure. The same methods of treatment and 
examination that have been recommended in Section VII 
may also be adopted here. Attention should be particularly 
directed to the epidermis, to the stomata, and to the presence 
or absence of hairs, to the various forms of oil cells and glands, 
internal or external, and also to the calcium oxalate, which is 
sometimes present in considerable quantity. 

The corolla is usually thinner than the calyx and simpler in 
structure, so that transverse or longitudinal sections may often 
be dispensed with. The epidermis is generally highly character- 
istic and requires careful examination. The outer wall is 
commonly very thin and often striated or papillose. The cells 
themselves usually contain yellow, red or orange chromoplasts, 
or coloured cell sap. The mesophyll is much reduced and the 
fibrovascular bundles are small-; nevertheless, characteristic 
secretory tissue may be found in it. 

The most important parts of the stamen are the pollen grains 
and the endothecium of the anther. The outer membrane of 
the former may be smooth or, more commonly, bear ridges, 
projections, spines, &c., of the most varied nature.^ They 
are easily identified and may be accepted as evidence of the 

^ For Illustration of a large number of pollen grains see Hugo Mohl, 
XJeher den Bau und die Fovmen dev Pollenkorner. Bern, 1834. 
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presence of a flower, although an occasional grain may find its 
waj? on to the leaf of another plant ; sometimes the genus to 
which the flower belongs, or even the species, may be deter- 
mined from the characters of the pollen grain alone. The cells 
of the endothecium of the anthers bear remarkable spiral, 
annular, or variously reticulate thickenings which, though 
present in comparatively small number, may usually be found 
if a flower is present. 

The structure of the pistil is less important ; the papillose 
stigma is the most characteristic part of it. 

Saffron 

Source. — ^The dried stigmata with part of the style of Crocus 
sativus, Linn. 

Preparation. — Decolourise a few saffron stigmata by repeated 



Fig. 8i. — Saffron, surface view of epidermis of stigma. (Moeller.) 

maceration in water, or water to which a little ammonia has 
been added, and transfer them to 8o per cent, alcohol. 

Examination. — Mount one or a portion of one in water, 
replace the water by solution of chloral hydrate diluted with 
an equal volume of water, cover and examine. 




Fig. 83. — Powdered Saffron, cu., cuticle of stigma; e.st., epidermis 
of style ; /6y., fibrovascular bundle ; le^ lower epidermis of 
stigma; pa., papillae at apex of stigma; po., pollen grains; 

upper extremity of stigma; st.^^ upper margin of same; 
u.e.y upper epidermis of stigma ; v., vessel. x 150. (After 
Greenish and Collin.) 

papillae (fig. 83, u.e.). At the apex the epidermal cells develop 
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into large projecting papillje (200 long, 20 // wide), to 
which large (100 to 200 /t) pollen grains often adhere. Delicate 
hbrovascnlar bundles, increasing in number as the stigma 
broadens, traverse the tissue longitudinally (compare fig. 82) . 



Fig, 84. — Corolla of Calendula, ep, epidermis with striated cuticle ; 
hi hair ; p, parenchyma with globules of oil. (Moeller.) 


The tissue below the epidermis consists of strongly elongated 
parenchymatous cells. 

Mount a preparation in chlorzinciodine ; the cell walls turn 
blue, the cuticle, which often readily separates, yellow. 

Focus the upper surface of one of the pollen grains ; it 
appears granular ; scattered on the granular surface are minute 
warts. Focus downwards until the optical section is reached; 
the wall appears tliick. Here and there a pollen grain with 
protruded tube may be observed. 

Mount a stigma in chloral-iodine ; the stigma is free from 
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starch, but very minute grains may be detected in the pollen 
grains. 

Mount a portion of a dry stigma in liquid paraffin ; the 
colouring matter is seen to be in homogeneous, yellow masses ; 
there is no calcium oxalate and but little fixed oil. 

Examine another in water ; the colouring matter readily dis- 
solves. Irrigate with strong sulphuric acid ; it turns deep 
blue, passing rapidly to violet and 
brown. 

Examination of the Powder. — 

Examine powdered saffron in the 
same way. 

Strew a little powdered saffron on 
a drop of sulphuric acid, cover and 
examine at once. Or cover a little 
of the powder with a coverslip and 
irrigate with sulphuric acid. Use 
the low power. Every particle sur- 
rounds itself with a blue liquid, the 
colour rapidly passing to violet and 
brown. 

Adulterations. — Among the sophis- 
tications and substitutions to which 
saffron is liable, calendpla florets 
(feminell) and safflower must be 
mentioned and should be examined. 

Calendula Florets, — ^Allow a few 
calendula florets to expand in water ; 
examine in this medium (or in 
solution of chloral hydrate). Factitiously coloured calendula 
(feminell) has a carmine red colour, quite different from that 
of saffron. The epidermal cells are elongated, the cuticle is 
delicately striated, and the parenchyma beneath contains 
numerous large, often yellowish oil globules. Near the tube 
of the corolla large, characteristic, multicellular hairs occur 
(fig. 84). ■ 

The pollen grains, like most of the pollen grains of composite 
flowers, are spiny. 

Safflower. — ^Allow a few safflower florets to expand in water. 
The long, narrow corolla tube divides into five long, narrow 
segments. Within the tube are the yellow, syngenesious anthers. 



Fig. 85. — Corolla of Safflower. 
ep, epidermis ; pj p>apilla3 ; 
5 , secretion-tubes ; sp, spiral 
vessels. (Moeller.) 
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Separate with a needle the corolla segments and transfer them 
to chloral hydrate ; the colour changes to yellow and they 
become transparent. Examine first under the low and then 
under the high power. The epidermal cells are narrow, elon- 
gated, and often (lower portion) have very sinuous walls ; these 
cells develop, at the tip only of the segment, into papillae ; with 
careful observation very delicate transverse walls may be seen. 
Narrow fibrovascular bundles similar to those of saffron are also 
to be seen ; they are accompanied by characteristic secretion 
tubes containing a dark reddish-brown secretion, usually in dis- 
tinct portions. Many of the transverse walls of the cells near 
the tube of the corolla exhibit characteristic rod-like thickenings. 

The stamens also consist largely of elongated cells passing 
gradually into isodiametric ; many, especially the shorter ones, 
are reticulated. Characteristic pollen grains, smaller than those 
of the saffron and with short spines, are usually to be found. 

Mount another portion in water; the colouring matter is 
insoluble. 
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SECTION IX 
BARKS 
Introduction 

The structure of the wood, and also that of the young stem in 
which no very far-reaching secondary changes have been pro- 
duced, has been considered in Section V and VI. The student 
should now direct his attention to the bark. Before doing 
so, it is very desirable that he should study that section of his 
text-book of botany which deals with the formation of this part 
of the stem. 

It will be convenient here to use the term ' bark ' in its widest 
signification, and to understand by it all those tissues of the 
stem that are exterior to the cambium, no matter whether they 
are primary, secondary, or tertiary — that is, whether they have 
been produced by the division of the cells of the growing point, 
or whether they have been produced from a cambium (secondary 
tissues), or from a secondary cambium (tertiary tissues). 

The changes by which the bark is developed from the tissues 
of the young stem are brought about largely by the activity 
of two circles of merismatic cells, an inner circle or cambium 
and an outer circle or phellogen (cork cambium). The cam- 
bium produces wood towards the interior of the stem and 
bast towards the exterior ; the phellogen produces cork 
towards the exterior and usually phelloderm towards the 
interior, but the latter tissue is often developed sparingly or not 
at all. 

The former of these two circles invariably develops between 
the primary bast and primary wood, but the point at which 
phellogen forms is subject to considerable variation. Some- 
times it is the epidermis, frequently the subepidermal layer of 
cells, but it may also form in any layer of the cortex, in the 
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endodermis, or in the pericycle. As the formation of cork 
cells by the phellogen causes the tissue exterior to it to perish 
and often disappear, it is evident that the structure of the bark 
may thereby be considerably modified. 

Much change may also be induced by the formation of second- 
phellogens. These may arise in the phelloderm, in the 
cortex, or in the secondary bast, and, as with the primary 



Fig, 86. — ^Transverse section of a twig of lime, three years old. 
ia;, 2a;, the successive annual rings of wood ; ph^ phloem 
(bast) ; c, cortex ; m.r.y primary medullary ray ; pe, periderm 
(cork). (After Kny.) 

phellogen, their production results in the death and ultimate 
destruction of the tissues external to them. The mass of 
external tissue thus formed includes 'all the layers of cork, 
together with varying quantities of cortical tissue, pericycle, 
and bast. It has been called by botanists ‘ bark,' but as 
the term is in common use to designate all the tissues of 
the stem exterior to the wood, this mass of external protective 
tissue, the oMter portion of the bark, may be specified as 
' outer bark.' 
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In the examination of a bark the following tissues may 
therefore be met with : 

(1) Cork. (4) Cortex. 

(2) Phelloderm. (5) Bast (or bast ring) . 

(3) Outer bark. 

In order to be able to describe a section of a bark correctly, 
it is necessary to know how these tissues may be recognised 
and delimited. 

Were an easily recognisable endodermis present, as is the 
case with many herbaceous stems, it would be very desirable 

/P^ 



Fig. 87. — Outer Bark of Oak, transverse section, periderm (cork) 

layers arising at different depths in the cortex. (After Kny.) 


to identify it, and thus at once determine the inner limit 
of the cortex and the outer limit of the bast ring. Unfor- 
tunately, the endodermis is seldom to be found ; in many barks 
it has been thrown off by the formation of secondary phellogens 
within it ; in others, the growth of the bark has rendered it 
indistinguishable. Recourse must, therefore, be had to other 
means of determining the inner limit of the cortex, and these, 
while often available, do not allow of the same precision as the 
identification of the endodermis would. 

In the first place it must be observed that sclerenchymatous 
fibres frequently develop in the pericycle. These fibres often 
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differ in shape, &c., from the fibres of the secondary bast. They 
are often designated ‘ primary bast fibres,’ although they have 
not had their origin in the bast, but in the pericycle. Since the 
endodermis is immediately exterior to the pericycle, these peri- 
cyclic fibres mark, more or less accurately, the position of that 
tissue. Moreover, the cells of the pericycle often lignify and 
form a ring of sclerenchymatous cells, in which the pericyclic 
fibres are commonly included. Such a ring of sclerenchyma 
is found in oak bark, witchhazel bark, &c., and indicates the 
position of the endodermis in these drugs. 

In many barks, however, no such ring of sclerenchyma or 
bundles of pericyclic fibres are to be found. In these cases it 
is advisable to trace the course of the medullary rays from 
the cambium towards the cork ; the tissue through which 
they pass is undoubtedly part of the bast ring, but a region, 
usually narrow, is always to be found which cannot be defin- 
itely assigned to either cortex or bast. 

The student is advised to make a preliminary examination 
of the transverse section under a low power, and to make a 
diagrammatic sketch of it, upon which the limitations of the 
tissues present should be indicated. He can then proceed 
to examine and describe each tissue in succession (compare 
the diagrammatic sketch of Cascara bark, fig. 88). 

Cork. — ^The cells of which this tissue is composed are 
developed from a single layer of cells (phellogen) by repeated 
tangential division. They are, consequently, arranged in regular 
radial rows, an arrangement which is usually easily visible, even 
in cork of considerable age. They are often tangentially 
elongated, and have thin, strongly refractive walls. They 
often contain an amorphous brown or red substance that reacts 
for tannin, and their walls are also frequently yellowish brown 
in colour. The walls of cork cells are always suberised and 
very frequently lignified. In surface view they are polygonal 
and nearly isodiametric. 

While these are the characters of typical cork cells, varia- 
tions from the type often occur. In some barks the cell walls 
exhibit an appreciable thickening, which may be uniform 
or restricted to the outer or to the inner wall. In the cork of 
cascarilla bark crystals of calcium oxalate are embedded in 
the inner waU, a most unusual occurrence, and one, therefore, 
that materially aids in the identification of the drug. 
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Phelloderm (or Secondary Cortex).— This tissiu^ is also d(v 
volopecl from thc^ plu‘lIog(‘n, but oii its iuiuu* surface;. Tlut (‘(‘11s 
of which it is ('omj)os(*(l ar(‘. arranged, as cork cc^Jls ani, in radial 
rows. They aa*e, liowevctr, easily distinguished from (‘ork cc^lls 
by their walls not Ixhng sulxu'ised and by the absences of colour- 
ing matter, whikt the arrangement in radial rows distinguisht‘s 
thcuii, at least when young, from the c(dls of tlu^ cort(^x ui)ou 
whic'h th(‘y abut. Whcui, Imwcwcu*, tJie devedopment of 
|)h(*llo(h‘rm is larg(% tlH‘ radial arrangenumt of the cells l)ecom(iS 
oblit(*ral(‘d, and this tissu(‘ cannot tluui Ikj distinguished from 
th(‘ cort(*x. 

Cortex.~Th(^ corti(*al tisstu*, or j)rimary (a)rt(vx', so ca,ll(‘d to 
distinguish it from tin* phcdlockuan or secondary c*ori(!X, is com- 
pos(*d of parenchymatous tissu(% tlu‘ c<‘lls of whi('h ant usually 
t«angentially (dongated and (exhibit mon^ or less W(‘ll“mark(;d 
iiitenatllular spa(*es. Near the cork it often difku'cmtiattjs into 
strands of collcaichymatous tissue. It often contains sek^nar- 
(‘hymatous cc‘lls, (*ither is(>lated or in groups ; sclerendiymatous 
fibn^s are ktss fnxpumtiy to Ixi found. vS(‘cretory tissutj of 
various kinds— such as oil c(»lls, oil glands, &c.— may lx; j)r(;sent, 
and contril)u((; to the; id(mtifi cation of the; drug. Among 
cell contents, (idoro|)hyll is ofttm contaiixxl in tlx; out<;r lay(;rs, 
while starch grains and calcium oxala.i<‘ (‘lystals an; fre.cpu'ully 
to b(‘ found- 

Bast Ring (including the Pericycle).— Al)utting upon llx^ 
cortex tlxu'e is to lx* found, in many harks, a. mon; or h‘SS t'on- 
tinuous ring (d sck‘n*nchymatous ccdls, witli which groups of 
fibres are often ass<H*iatc;d. 

Next to tlie sclenmcdiymatous ring cxmies the; hast ring or 
bast zenu*. This tissue! is trav(;rs(d by medullary rays con- 
tirnums with tlmsc* of the wood, and may thc;nvfon; be 
c<mvc‘niently divided into nuxlullary rays and l)ast rays. 

The mc*dullary rays of tlx; l>ast n‘S(;mbk! in a])p(;a.ran(‘e and 
( oiittuiis (starcli, cakaum oxalate, !kc.) those of tlx; Wfxxl, but 
their cell walls remain thin and do not lignify. Towards tlx‘ir 
out(*r limit the rays usually wi(k;n, and h<;re sc'lenau’hymatous 
cells, c)r various forms of sexuadory tissue, such as oil (‘ells, oil 
glands, ^v'c., may oftfut In'* found. 

The f*ssc*ntial rom|)onents of tlx; l)ast rays an; sieve; tiih(*s 
and hiisi pan*n<*hyma, l>ut witli tliese th(*re may lx; also asso- 
ciated secretory tissue* and sck;n;ncliymatous cc*lls or fibres. 
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Sieve tubes may be distinguished from bast parenchyma 
by the difference in the size of the transverse section, and by 
the difference in the thickness of the wall. Usually the sieve 
tubes are larger, and have thicker and less regular walls, which 
also often exhibit a bluish colour. Sometimes the companion 
cell that is attached to the sieve tube can be detected, and, when 
the tubes are of large size, portions of the sieve plate can often 
be observed. Should these, as is commonly the case, be 
covered with callus, the latter can be stained with appropriate 
reagents. Digestion in the water-bath with solution of 
caustic potash, or with a mixture of equal volumes of hydro- 
chloric and nitric acids, so loosens the cells that the sieve tubes 
can by this means be isolated and examined, but it is only in 
comparatively few instances that they possess any decided 
diagnostic value, though they frequently afford important 
indications of the nature of a powder. 

To sclerenchymatous cells and fibres, on the other hand, 
if present, considerable importance is to be attached. The 
forms of the cells, of their sections, the thickness of the walls, 
the extent to which lignification has taken place, should be 
ascertained, and the distribution of the cells should be studied. 
Sclerenchymatous cells are more commonly grouped, but the 
fibres may occur either isolated or in groups ; in the latter case 
the arrangement of the groups must be noted. 

It is very desirable that the student should be quite familiar 
with the characters that distinguish sclerenchymatous fibres 
from sclerenchymatous cells, both in transverse and radial 
sections, and also when isolated. The following characters 
should be carefully noted : 

In transverse section sclerenchymatous fibres are usually 
rounded or polygonal, and much thickened, so that the cavity 
is often reduced to a point ; they are comparatively rarely 
oval and seldom bear pits. Sclerenchymatous cells, on the 
other hand, are often irregularly rectangular in shape, have 
thick, striated walls, which are traversed by branching pits ; 
the cavities are sometimes large, but, if much reduced, they are 
usually linear, not punctiform. 

In ra(hal section, and also when isolated, typical fibres are 
distinguished by their great length and tapering ends ; the 
pits are scattered, and have the form of narrow slits, usually 
arranged in a left ascending spiral. Sclerenchymatous cells 
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have much the same shape in radial as in transverse sectimis ; 
they have square or rounded ends, and circular pits. 

Although these characters sufficiently distinguish typical 
sclerenchymatous cells from typical fibres, intermediate forms 
are not unfrequently found, as, for instance, in cinchona 
bark. Such intermediate forms may be referred to the class 
of fibres, if their pits are narrow and oblique, to the cells, if they 
are rounded, but in each case the elements in question should 
be accurately described. 

It sometimes happens that, in the older (outer) portions of 
the bast ring, the sieve tubes that have ceased to be active are 
pressed by the growth of the bark into strands in which little 
or no structure can be observed. As the sieve tubes often 
assume a tangential arrangement, these strands of collapsed 
sieve tubes are often prolonged to a considerable extent 
tangentially, and may be very conspicuous in the transverse 
section of the bark (canella, cinnamon, &c.). 

Outer Bark. — When this tissue is present it is usually dark 
brown in colour, and consists of dead portions of the cortex or 
bast ring, alternating with layers of cork. The elements of 
these respective tissues may readily be identified, although 
somewhat modified by the changes they have undergone. 

Diagnostic Characters. — ^The following are the chief fcuitures 
to which the student should particularly direct his attention, 
as being of considerable diagnostic value. 

1. Cork . — The extent to which this tissue is produced varies 
in different barks. Important details are to be found in the 
size of the cells and the nature of the walls ; whether the 
latter are thin or thick, and whether the thickening, if present, 
is uniform on all the walls. The nature and colour of the 
contents should also be noted. 

2. Phelloderm . — In so far as this tissue is distinguishable 
from the primary cortex, it seldom possesses any distinctive 
features. In canella bark the cells of the phelloderm arcj 
characterised by their very pronounced one-sided thickening. 

3. Cortex . — The parenchymatous cells of the cortex do not, 
as a rule, present any remarkable features, but their contents 
may (starch, calcium oxalate, &c.). More important is the 
presence of secretory tissue of any kind (oil cells, oil glands, &c.) 
or sclerenchymatous cells or fibres. Any of these should be 
subjected to careful scrutiny. 
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4 Bast Ring.— This tissue usually constitutes the major 
part of commercial barks, and in it distinguishing characters 

are usually found. , , t. 4. n 

The presence or absence of sclerenchymatous cells or fibres 

should first be noted. If either be present, the shape of the 
cells the thickness and nature of the walls, the striations, pits, 
&c should be studied. The amount and distribution of these 
elements should also be examined ; whether they are isolated 
or in groups, and, in the latter case, whether the groups are 
radially or tangentially arranged. ^^Vhile the arrangement is a 
valuable character for the entire drug, it is less valuable for 
the powdered drug ; in the latter case, the details of the indi- 
vidual elements and their occurrence as isolated cells or as 
groups should be determined. 

The presence or absence in the bast ring of any form of 
secretory tissue is also most important. The shape of starch 
grains that may be present, the form assumed by the calcium 
oxalate, all contribute their quota to the identification of the 
drug. The characters of the sieve tubes, their distribution, 
size, the position of the sieve plates, &c., should also be 
determined. 

Powdered Barks— Although the various official barks 
exhibit in section notable differences, these differences fre- 
quently depend upon the arrangement of the tissues and 
elements present, rather than upon any distinctive characters 
of the cells themselves. These differences in arrangement are 
naturally lost in the powdered drugs, and it becomes necessary 
to devote minute study to the details of the cells that are 
present. 

Perhaps the most important of all these are the bast fibres, 
few barks (e.g. canella and pomegranate) being devoid of them. 
These resist the action of the grinding machinery, and, though 
they may be and often are broken, especially in very fine 
powders, they usually exhibit their longitudinal aspect, and 
are easy to detect and identify. Their occurrence, singly or 
in groups, their size and shape, the thickness, colour, and 
striation (if any) of their walls, and the character of the 
pits should be studied. The number in which they are 
present should also be observed. They closely resemble the 
sclerenchymatous fibres of the wood, but are usually more 
strongly thickened. 
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Next in importanrt^ to tlie bast (il)r(\s ant th(‘ sek^'eneliy- 
niatous rc‘lls, whieli, how(‘V(‘r, are mont fre(}ii(‘ntly abs(*nt tlian 
bast fibre's, llic'y eornrnonly n^sist tlut aettion of the; drug 
inill, and an* found in the powdea* in a more or less intacd state', 
(‘ither isedati'd or two or three together. Somettimes here also 
the* charaeter of the ststondary thiekemings (canella, cassia, 
(dnnamoii) and oth(‘r details may be useful. 

'rhe prt'sencH* of sk've tulx'S is important as an indi(%a.tion of 
the natun* of tlx* powcha*. Ksp(‘caally in the coarser particle's 
they may \w found without gn*at dirficulty, particularly if 
jH'ecaiition is takt'ii to l)leacli tlx* powd(*r and stain tlxt callus 
plat(‘S. Th(* size of tlx* su‘V(t tube's and tlxt arrangeuKUit of 
tlx* sieve platr‘s, whetlu*!* transv(‘rs(* or oI>li(pie, simple or corn- 
pl<*x, should bc! noti'd. 

Most bark powd(‘rs contain cork tissue*, thostt alone from 
whit'h it has bi*en stripped Ix'ing more or less complett'ly 
dc'stitute of it. Cork offers considcu’able resistance to tlie drug 
mill, and is usually found in small flattent^d portions that 
expose their surfaces vi(*w to tlu; observ(?r. The size of tluj cells, 
tluckness of thet walls, nature and colour of contents, may all 
afford useful confirmat<uy evidence. 

The pareixdiymatous tissue of tlxt barks is not, as a rule, 
charac’ti'ristie, excc'pt as regards tlx* c(*ll ('ontemts. d'lu'Se are 
mostly starc'h and calcium oxalate, and tlu'ir pr(*sc*nce, as well 
as the forms tlx*y affecd, should not lx* xx‘gl(*('t(*d. 

The starch grains arc? usually small and by no rrx'ans so 
c'haractc'rlstic as rc*sc*rve standi. Colouring matter is ofttm 
jiresint and may be characteristic. 

Fragments of ccirtical parenchyma may often Ixt n'cognised 
by the comparativc'Iy larg(j size of the ecdls and the presence 
of inter<’c*llular spacajs ; the cells of th(^ bast parencdiyma ant 
usually narrowiT and axially i-Iongatctd and (*xhibit no inter** 
f ellular spaces. In tine* powders lioth tissue's are miudi dis-* 
integrati'd, many fragments of tlx* ccdl walls being present. 

Secretc^ry tisstu* has lx*re, as with tlx; ktavets, distirxd 
dLignostic vahxe Large; oil glands, and often oil <;ells, ant 
so destroyc'd by tlxt grinding as to lx; difficult of dcdc'ction, 
tlxnigli the sul)erisc*d wall of oil cells may be recognisttd by 
suital)Ie staining (Soudan n‘d) . Elongated secretion cells, 
especially if filled with a se<*retion of (‘haracteristic colour, 
are, cm the other hand, mon* easy to find. 
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The colour of the particles of a powder may also offer a means 
of identifying it which should he utilised. 

General Scheme of Examination.— The following general 
scheme may be adopted for examining barks : 

1. Preparation of transverse sections ; examination of the 

tissues present, and determination of their distribution ; 
preparation of a diagrammatic sketch indicating these, 
and sketches of portions of the section on a scale large 
enough to include all details. 

2. Preparations and examination of radial sections ; sketches 

of important details. 

3. Isolation of the tissues by maceration, either {a) with 

caustic potash, {b) with potassium chlorate and nitric 
acid, or (c) with hydrochloric and nitric acids. 

4. Examination of the powder, both coarse and fine. 

Cascara Sagrada 

Source. — The bark of Rhamnus Purshianus, D.C. 

Preparation and Examination of Transverse Sections. — 
Select a thin piece of bark, and cut from it several small pieces 
about I cm. long and 3 to 5 mm. wide. Soften them by 
exposing them to a moist atmosphere for twelve or twenty-four 
hours. Embed in pith, as already described, and cut transverse 
sections. Place these at once in alcohol to free them from 
colouring matter and air. 

Transfer one or two of the thinnest to a drop of water on 
a slide, spread out with the needles, add a drop of glycerin, and 
examine. If the structure is not sufficiently distinct, mount 
another section in chloral hydrate. 

On the outside a comparatively narrow layer of small cork 
cells can be seen, and recognised by their reddish-brown con- 
tents. Here and there the cork may be covered by a whitish 
coating of lichen, the structure of which may be passed over. 
Trace the medullary rays from the cambium towards the cork 
as far as possible ; there is no sharp line of demarcation between 
the secondary bast and the cortex. Prepare a diagrammatic 
sketch of the section, in which the extent and relative positions 
of these tissues (but not the constituent cells) are shown 
(compare fig. 88). Stain one or two sections with phloroglucin 
and hydrochloric acid. Observe groups of cells which are 
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stainc*d dtu*}) rt‘d. Somit of theses artj groups of solcrcnchy- 
matous cells, oth(‘rs an^ gr()Uj>s of ’stdcinaK'hymatoiis fibn^s 
(l>ast fibres) ; in lalitu* the individual cells an^ (uisily dis- 
tinguislu*d ; Ihcty ant small, nninditd or polygonal, and almost 
comj)Ietely filled with secondary thiclaming. Notic(i that tint 
groups of l)a.st filires are narrow, tangitntially elongated, and 
stndch from omt medullary ray nearly, or quite, to tint mtxt ; 
i\uy ant arrangetd in fairly regular tangetntial lines. Introducet 



lOca SH. C avraoi Hark, <Hagramnmtic transvitr.se sectien. 

hast fibres; ref/., eenenchymatouH tissue; nt.r.^ medullary 
ray ; sr/., .Helerenchyrnatoim cells, 

tlie grou|>s of sclctntnchymatous cells and fibnts into tlie sketch, 
outlining them only, l)ut kettping tint sizvs and positions of the 
groups c’orrect. Key Hut sketch with httters indicating tint 
naturct of eac:h of the tissues. 

Next })n)Cf!ctd to examine! each of tlutsct tissues nifircj in detail. 

I. Ccf/t!.— This consists of Sitvemil rows of narrow, llatieiutd 
(!f*lls witli tliin walls and tlark ntddish-brown contftnts. Tlie 
arrangemctiit of the cadis in ntgnlar radial rows indicatets their 
formation from a idntllogcm. Thc! walls of the cork cc^lIs ant 
subctriscd (reactions witli suliilmric acid and with Honda, n retd). 
The* innermost row of catlls is tlie phcjllogc!!! (jirovidctd no 
plielloderm lias formed). 


BARKS 


i6o 

2. Phelloderm . — This tissue is developed, at most, in small 
quantity only ; the cells are distinguished from the phellogen 
cells by having thicker walls, from the cork cells by not being 
suherised, and from the cells of the cortex (usually) by their 
arrangement in radial rows. 

3. Cortex . — The cells are larger than those of the phello- 
derm, and are not arranged in radial rows. N ear the cork they 
may exhibit collenchymatous thickening of the wall and be 
tangentially elongated, but towards the bast ring they are 
usually rounded and thin-walled, with intercellular spaces. 
The pits are distinct ; some of the cells have walls that are more 
or less evidently reticulately thickened. 

While the outer limit of this tissue is easy to determine in 
the bark under examination, the inner limit is not. The 
endodermis, which in young stems sharply delimits the cortex, 
has long since disappeared, and the cortex passes insensibly 
into the bast ring. Since the former contains no medullary 
rays, it is quite certain that the tissue in which these can 
be traced is part of the bast ring. But the medullary rays 
commonly become indistinct near the outer limit of the bast 
ring, and this indication is therefore not a precise one. Here 
and there (but by no means in all sections) , not far from the 
cork, a group of flattened oval fibres with moderately thick 
walls may be found. These are pericyclic fibres, and indicate 
fairly accurately the limit of the cortex. 

The cortex contains also groups of sclerenchymatous cells. 
These groups are usually irregularly rounded or tangentially 
elongated ; the cells of which they consist vary very much in 
size, but agree in having very thick and conspicuously striated 
walls, through which branching pits run ; the lumen is often 
nearly filled up, and the cells, when stained with phloroglucin 
and hydrochloric acid, assume a deep pink colour. 

The parenchymatous cells of the cortex contain chlorophyll 
and also calcium oxalate ; the latter is usually in rosette 
crystals except near the sclerenchymatous cells, where prisms 
are commonly present. There is little or no starch to be found. 

4. Bast Ring . — As already indicated, the tissue referred to 
under this name may contain the pericycle and the primary 
and secondary bast. Its external limit is very ill-defined. In 
the bark under examination, if the groups of flattened, oval, 
pericyclic fibres cannot be identified, there remains no course 
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ojx'ii but to trace the medullary rays as far as possible and 
to speak of the whole of this tissue as the hast ring. It usually 
consists almost entirely of secondary bast. The latter may be 
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¥iit. 89,--Ca*cara Bark, tranHver.so .section. /;/, bast filires; h/^, 
liast parenchyma ; A', cork ; m, medullary rays ; I\ cortex ; 
sieve tutiCH ; st, group:^ of Hclerenehymatou.s eeUn. (Moeller.) 

divided into medullary rays and bast ray.s. In cascara bark 
th<! fonmn exhibit the usual characters ; they are commonly 
frfun two to four cells wi<l<*, and contain a yedlow substance, 
whicli, hfjwevcr, is easily soluble in alcoliol, and theredore 
absent from sections treated as indicated on p. 158, 

The bast rays are imijortant, and require very careful 

II 
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examination. Note in them occasional groups of sclerenchy- 
matous cells such as have already been described. Note also 
the presence of narrow tangentially elongated groups of bast 
fibres. The individual fibres are polygonal or nearly rounded 
in outline (in transverse section), uniform in size, and so much 
thickened that the cavity is reduced to a point. In the phloro- 
glucin preparation they are stained red, but not so strongly 
as the sclerenchymatous cells ; they are, therefore, with the 
exception of the middle lamella, less strongly lignified. These 
fibres exhibit occasional pits which, however, are uinbranched. 
The student should carefully compare groups of fibres with 
groups of sclerenchymatous cells. The two cell forms can 
usually be distinguished by the transverse section alone, 
but more definite information is afforded by a longitudinal 
section. 

Notice, in the parenchymatous cells that abut on the fibres, 
small prisms of calcium oxalate. 

The other tissues present in the bast rays of cascara bark 
are sieve tubes and bast parenchyma. Of these, the former are 
the more important. They are a never-failing constituent of 
barks, and must therefore be carefully examined. 

Stain a section that includes the rows of cells near 
the cambium with corallin soda (preparing a fresh solution 
by dissolving a trace of corallin in a little 25 per cent, 
solution of sodium carbonate) , and examine it in the reagent. 
Note, in some of the cells near the cambium, masses that 
assume a brilliant pink colour. These are the masses of 
callus deposited on the sieve plates, and the cells in. which they 
occur are sieve tubes. The latter are larger than th.e parenchy- 
matous cells of the bast, and usually alternate witli them in 
tangential bands (fig. 89, sb). Examine an unstained section ; 
the sieve tubes can now be generally identified and the sieve 
plate often distinguished. Sometimes this plate is trans- 
verse, but more often oblique; hence a portion only of the 
sieve plate is usually seen. On many sieve plates no callus 
has been formed, and these do not stain -with corallin ; 
they may, however, be identified by their larger size and 
rather thicker walls, which are less uniform than those of 
the bast parenchyma. 

Examine a transverse section mounted direct in water 
(without, therefore, previous treatment with alcohol). Note 
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the f'ranular, <lingy yelhtw contents of fhu parcnchyniatons 
cells of the cortex, hast, and inedullary rays. Irrigate, with 
.solution of caustic potash; the yellow suh.staiKa^ instantly 
dissolves, with production of a bright purj)lc; coloration. 

Having thus thoroughly examined the .section, the .student 



lliirk, h,f., hast fihni ; /h/w,, 

!»a.’4 |iarf^rirhy«t»4 ; rrv4., rrystai {tti cah iuiii <jxalate) ; m.r., 
iiiwitilkiry ray : .*»./ , f 

.should sketch small porti«»ns on a comparatively large .scale ; 
they should include ; 

1. A portion of the cfu'k, faking <‘ar(t to n'prodma; ;iccurately 

the sliape of the ci-lls ami thickne.ss of th(! walls ; 

2. A jMirlioii of the bast ring, including a group of bast 

filues, the .sieve tuhc-.s and ba.st parenchyma, and the 
jwdullary ray on either side ; 

.p A gronj) ol .sclerenchymatous cells. 
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Radial Sections.— Next cut radial sections and treat in the 
same way. Identify and examine the elements that have been 
seen in the transverse sections. 

The cork cells present an appearance very similar to the 
transverse section, but the collenchymatous cells of the cortex 
have generally a rounded and smaller lumen ; the latter cells 
are therefore tangentially elongated. The inner rows of 
cortical parenchyma have thinner walls and rounded section, 
and show intercellular spaces. 

The groups of sclerenchymatous cells also closely resemble 
those seen in transverse section. The bast fibres, however, 
are seen to be long prosenchymatous elements, with a very 
small lumen and few pits, the latter with difficulty visible in 
chloral hydrate. Each group is bordered by regular rows of 
small cells, each of which contains a prism of calcium oxalate. 

The medullary rays are easily seen in radial sections 
as plates of radially elongated cells (compare Quassia Wood). 

Next identify the sieve tubes, aiding identification, if neces- 
sary, with corallin soda. They should be sought for in the 
cells near to the cambium. They are long wide tubes, showing 
at intervals obhque sieve plates. They are easily distinguished 
from the parenchyma of the bast, the cells of which are 
smaller and shorter, and have thinner walls and square ends, but 
often have large pores that may be mistaken for small sieve 
plates. Note also the beaded appearance of the sieve plates 
in transverse section, and compare with the beaded appearance 
sometimes exhibited by the bast parenchyma in similar sections. 

Isolation of the Elements by Maceration with Potash 

Cut from a small piece of bark several longitudinal strips 
about 1-2 mm. wide. Cut these again transversely into pieces 
about 3-4 mm. long. Macerate several of these in a water-bath 
for five to fifteen minutes in a solution of potash containing 
2 per cent, of caustic potash. Wash with distilled water (to 
avoid deposition of crystals of calcium carbonate, which 
might occur if tap-water were used). Transfer one to 
a shde, tease out the different tissues with the needles, and 
examine. Nearly all the parenchymatous cells contain a 
bright purplish colouring matter. The cork is easily identified ; 
it consists of plates (surface view) of polygonal cells with 
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brown contents. Tlu* bust lihres ure very conspicuous by 
reason of their yellow colour (produced by the action of the 
alkali) and accompanying crystals of calcium oxalate. The 
sclerenchymatous cells :irc; seen as roundt^d groups of yellow, 
thick-walled cells. 'Ihe sieve tubes can also be; identified 
(corallin soda) ; they often remain c()nn(H’,ted with oik* another, 
if the action of tlu- alkali lias not been too energetic. 

.Sketch a sieve tube, with its sieve {date. 

Examination of the Powder.-- Reduce a little cascara bark 
to a coarse jiowder. Sift this first through a No. 20 and 
then through a No. 60 sieve, 
so as to separate it into 
coar.s<‘, medium, aiul lini- 
{lowder. Examine t lie coarse 
fragments with the lens, and 
endeavour to jiick out some 
with the needle or brush, 
b'ix thi'in on jiith as directed 
for bearhe*rry leaves, and cut 
from them .sections, which 
can then be comjiared with 
the .sections made from the 
drug itself, 'bhe medium 
{lowder may be examined in 

the same way, and {lart of it may lie reduced to a fine jiowder 
and treated as cies< rib<‘d below for that which jias-ses through 
a No. 60 sieve. 

Mount a little of the fine jxiwdi'r in water or dilute glycerin, 
and examine. Note tlie reddish-brown colour of the contents 
of the cork tells, and the yellowish colour of those of the 
pan-nchymatous cells ; add a little solution of {xitash, and 
observe in the latter the change to jiurple. 

To another {Hirtion <»f the [xiwder, {ireviously moistened with 
alcohol and allowed to Ix-come nearly dry, add chloral hydrat<‘. 
'I'his reagent rapiflly clears the tissues ; with a little can; 
most of the colouring matter can be wa.shed out by irrigation. 
Observe in this |)r<‘}>aration ixirticulurly the following dcdails : 

r. rVirA’. — The (tells are {tolygonal, and have rather thin 
walls W'ithout intercellular spaces ; they have reddish- 
brown contents. 

2 Sclercnchvmatnus Cc//s,-— These an; in oval or rounded 
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groups ; the walls are very thick, striated, and traversed 
by branching pits ; the details of the individual cells 
are often difficult to distinguish. 

3. Sclerenchymatous (Bast) Fibres. — They are mostly in 

groups, usually conspicuous by their yellow colour 
and by the rows of crystals that accompany them ; 
the shape of the fibres can generally be ascertained. 

4. Bast Parenchyma. — Axially elongated parenchymatous 

cells, with large rounded pits ; the walls in section 
often appear beaded. 

5. Sieve Tubes. — These are easily identified by their size as 

well as by the sieve plates that they contain. Thej- 
are often accompanied by bast parenchyma, which 
remains attached to them ; they are particularly easy 
to find in a preparation stained with corallin soda 
(see below) . 

6 . Medullary Rays. — ^The cells occur in plates and cross the 

bast parenchyma, with which they often remain asso- 
ciated, at right angles ; the transverse walls are pitted. 

7. Cortical Parenchyma. — Large rounded cells, often with 

intercellular spaces, and containing here and there 
cluster crystals of calcium oxalate. 

With a little experience these various cells and tissues can 
be identified without furtlicr experiments ; but the following 
preparations, made with a little of the powdered bark that has 
been freed from colouring matter (either by exhaustion with 
chloral hydrate or by maceration for a few minutes with solution 
of chlorinated soda and washing), maybe useful to the student. 

1. Mount a little of the bleached powder in corallin soda ; 

the callus plates stain pink ; by this means the sieve 
tubes can be identified. 

2. Stain a little with phloroglucin and hydrochloric acid ; 

the bast fibres and sclerenchymatous cells stain red. 

3. Warm a little with Soudan red, cool, and, after a few 

minutes, examine ; the cork cells stain reddish. 

Alderbuckthorn Bark 

Source. — The bark of Rhamnus Frangula, Linn. 
Examination. — Treat this bark exactly as the preceding. 
Note the following differences : 
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I. Most of the cork cells contain a bright purplish colouring 

2 ThSf ^re no sclerenchymatous cells in the cortex or 

Th^SlOTf of the contents of the parenchymatous cells 
is a rather bright yellow. 

In the powder the same differences may easily be observed, 
and the powders of the two barks may readily be distinguished. 
In mixtures of the two powders, cascara bark can be identified 
by its sclerenchymatous cells, and alderbuckthom by the 
purple colour of the contents of the cork cells. 


Wftchhazcl Bark 

Source.— The bark of Hamamelis virginiana, Linn. 

Preparation and Examination of Sections.— Select some 
pieces of the bark, if possible with cork attached ; cut small 
pieces, and soften in a damp atmosphere. Cut transverse 
sections, and treat them as directed for cascara bark. 

The outside layer is cork ; the cells of which it is composed 
are rather large, and have thin walls ; they are nearly iso- 
diametric, or, at least, not conspicuously flattened ; most of 
them are empty, but some contain a red-brown amorphous 
substance. If the cork is well developed, a layer of thin-walled 
cells, several rows wide, may be found alternating with one 
or two rows of thick-walled pitted cells. 

Within the cork there is usually a phelloderm consisting of 
several rows of cells. These may be identified as phelloderm 
by the regular radial rows in which the cells arc arranged ; this 
shows that they have originated from a line of merismatic cells. 

Mount a section in water, remove the water with filter 
paper and add solution of chlorzinciodine ; the phelloderm 
cells colour bluish- violet (cellulose reaction), while the cork 
cells colour yellow (suberin reaction). 

The phelloderm passes into primary cortex ; the commence- 
ment of the latter tissue may in this case (but not always) be 
recognised by the position of the radial walls, which are no 
longer continuous with those of the phelloderm, but alternate 
with them. The inner rows of cells belonging to the primary 
cortex are often tangentially elongated. 

This tissue is distinguished by containing large, well-formed. 
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prismatic crystals of calcium oxalate (the previous barks 
containing cluster crystals). 

Passing through the primary cortex towards, the cambium 






Pig. 93. — ^Witchhazel Bark, transverse section, b.f.y bast fibres; 
c., cork ; cryst., prismatic crystals of calcium oxalate ; m.r., 
medullary ray ; p.c.j primary cortex ; scl., sclerenchymatous 
cells X 130, 

a complete or, sometimes, interrupted ring of sclerenchymatous 
cells is reached, some of which are very large (lOO ^ long or 
even more), many of medium size (40 to 60 fj), some very small 
(10 to 20 fji). These have been developed from the cells of the 
pericycle, and they do not belong, therefore, to the primary 
cortex. 
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The tissue within the sclerenchymatous ring consists of 
primary and secondary bast. In this tissue there occur groups 
of sclerenchymatous cells of varying dimensions ; they resemble 
those of the sclerenchymatous ring. 

The medullary rays are one cell wide. 

The bast fibres are conspicuous by reason of their number ; 
they are strongly thickened, arranged in tangentially elongated 
groups, which stretch from one medullary ray to another, and 
are accompanied by crystal cells. 

The sieve tubes and bast parenchyma which compose the 
remainder of the bast ray resemble those of cascara, but the 
sieve tubes are smaller, less easy to distinguish, and do not 
always stain with corallin ; they are therefore rather more 
difficult to identify. 

Having thus investigated the structure of the bark as 
exhibited by transverse sections, mount a section direct in 
water ; note the general absence of colour ; some only of the 
cork cells, of the sclerenchymatous cells, and of the parenchy- 
matous cells contain an amorphous reddish-brown substance. 
Many appear of a dull, pale, greyish-brown colour. 

Irrigate with solution of potash ; there is no striking change 
of colour. 

Cut several transverse sections from bark that has been 
softened by exposing it to a moist atmosphere. Transfer one 
direct to a drop of dilute solution of ferric chloride ; the whole 
of the parenchymatous tissue, including the medullary rays, 
especially the parenchyma of the secondary bast, is coloured 
deep bluish black (reaction for tannin) ; the cells of the cortex 
and of the cork are less strongly coloured ; the sclerenchy- 
matous cells and bast fibres remain quite colourless. 

This reaction indicates that in the drug the tannin is con- 
tained in the parench5miatous cells ; but, as this substance 
easily passes from the cells in which it was originally con- 
tained into the surrounding tissue, it does not necessarily follow 
that it was originally present in all these cells. 

A number of other substances give a dark bluish or greenish 
coloration with ferric salts,^ and the reaction does not, 
therefore, necessarily indicate the presence of tannin. 

Mount another section direct in Braemer’s reagent ; the 
parenchymatous cells assume a yellow to dark reddish-brown 

* A list of these has been given by Braemer, I.es Tanno'ides, j). 125 (i8go). 
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coloration. This reaction is more particularly distinctive 
of tannin, and has the advantage of producing a precipitate 



Fig, 94. — Powdered Witchhazel Bark. 6./., fragments of bast fibres, 

■with and without crystal cells adhering ; hast par.y bast 
parenchyma ; corky cork cells in surface view ; cort. par.y 
cortical parenchyma, in transverse and longitudinal section ; 
cr.y crystals of calcium oxalate ; m.r.y medullary ray, in radial 
section ; scL, sclerenchymatous cells, isolated and grouped ; 
s.f.y sieve tubes, more or less broken. x2io, 

which cannot diffuse from the cells in which it is "produced. 
Next examine tangential and radial sections, and identify in 
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them the elements that have been observed in the transverse 
section. The sieve tubes are in these sections, as in the 
transverse, not so conspicuous as they were in cascara, but they 
may be found by careful searching. 

For the isolation of the bundles of bast fibres, employ 
digestion with solution of potash, and, for the separation of the 
bast fibres from one another, maceration with potassium 
chlorate and nitric acid. 

Examination of the Powder —Proceed next to examine 
the powder as follows : 

1. Mount a little in water or dilute glycerin. There is no 
conspicuous colour ; the bast fibres and sclerenchymatous cells 
are nearly colourless, but some of the latter contain a reddish- 
brown colouring matter, as do also many of the parenchymatous 
cells and some of the cork cells. 

2. Irrigate the preparation gently with solution of potash ; 
there is no striking change of colour, but the bast fibres and 
sclerenchymatous cells acquire a yellowish tinge. 

3. Mount a little in chloral hydrate (after alcohol) : in this 
preparation the sclerenchymatous cells are conspicuous by 
reason of their number. Some are isolated, but the majority 
are in groups of varying size ; the cells themselves also exhibit 
great diversity in size, shape, and the extent to which they have 
been thickened. 

Bast fibres are also conspicuous ; they are nearly colourless 
and accompanied by an abundance of calcium oxalate crystals ; 
the cavities are very narrow. 

Fragments of parenchymatous cells arc abundant ; among 
these comparatively large, well-defined, prismatic crystals of 
calcium oxalate can be detected, but no rosettes. Beaded 
parench3maatous walls are not numerous, and comparatively 
few have large pits. 

The medullary ray cells are easily identified ; they exhibit 
no unusual features. 

The sieve tubes are inconspicuous ; they seldom attain the 
size that is common in cascara bark (sec fig. 94). 

4. Treat some of the powder with potassium chlorate and 
nitric acid as directed for quassia wood ; the sclerenchymatous 
cells and the bast fibres may be isolated, and their exact size 
and shape determined (but care must be taken not to prolong 
unduly the action of the oxidising mixture). 
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Cinnamon Bark 

Source. — The bark of Cinnamomum zeylanicum, Breyn., 
freed from the epidermis and most of the cortex. 

Preparation and Examination. — From a stick of cinnamon 
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Fig. 95. — Cinnamon Bark, transverse section. 6, bast fibres; h, 
crystals of calcium oxalate ; w, medullary rays ; phy primary 
bast fibres (pcricyclic fibres) ; pr, cortical parenchyma ; 5, 
sieve tubes ; sch, secretion cells ; sty sclerenchymatous cells, 
forming an uninterrupted ring. xi6o. (Moeller.) 

separate one or two of the outer pieces of the thin bark ; soak 
them for twelve hours in water, or expose them for two days 
to a moist atmosphere ; fix three or four together between 
pith ; cut them all together, and transfer the sections to a 
small dish. Then fix the pieces so as to cut radial sections, 
and transfer these- to another dish. Should the sections curl 
inconveniently they may be left in water for twenty-four hours 
or they may be straightened by the careful use of the dissecting 
needles. 
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Examne a traa^eree section m chloral hydrate. Most of 

the SS of the hark are colonied dart brown 

D«olourise sonre sections by placing them m recently 
of chlorinated soda for a few minutes ; as 
t dellonrised, transfer them to water. Mount 
one in solution of chloral hydrate, and examine. 

The outermost tissue is (with the exception of fr^mentary 
parenchymatous cells) a band of sclermchyma, wrthm which 
" ^ IS the narrow bast nnor 


sch 


IS tne narrow oast nng 
traversed by medullary 
rays. There is no epi- 
dermis or cork, and traces 
only of primary cortex. 

Examine the scleren- 
chymatous ring ; the cells 
of which it is composed 
are mostly tangentially 
elongated (in transverse 
section), but some are 
nearly round ; they may 
attain 150 or more in 
length and may contain 
starch grains. They have 
the characters that such 
cells usually possess, but 
are distinguished by the 
fact that the inner walls 
of many of them are 
thicker than the outer ; 
frequently, however, this 
thinner wall is presented 
to the observer and can 
only be seen after the cells 
have been separated from 
one another (maceration with potassium chlorate and nitric 
acid) and made to roll. Search also in this ring for groups of 
fibres that may easily be recognised by their small size, complete 
thickening, and absence of pits ; they are usually on the outer 
margin of the ring. These are groups of pericyclic fibres 
(primary bast fibres). 

Examine the bast ring. The parenchymatous tissue abutting 



Fig. 96, — Cinnamon Bark, tangential sec- 
tion. b, bast fibres ; w, medullary ray ; 
py bast parenchyma ; s, sieve tube ; schy 
secretion cells, x i6o, (Moeller.) 
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upon the sclerenchyma consists of tangentially elongated cells. 
'I'hc medullary rays are mostly two cells wide, and the cells are 
nearly isodiametric. The bast rays contain conspicuous bast 
iibrcH, rounded or four-sided in section ; they are isolated or in 
small, oft(!n tangentially arranged groups of three or four ; the 
w-alls are very thick, the lumen being reduced to a point. In the 
bast rays observe also the secretion cells. They are often empty; 
th(‘y may be distinguished from the bast parenchyma by their 
larger sixe, and may lx; made more conspicuous by warming 
a section in Soudan red, by which the walls are coloured 
red. 

Till* .sievf' tubes can be recognised by the characters of the 
walls ; towards the; sclerenchymatous ring they often collapse 
into strands, in which the' cell cavities are sc;ircely visible. 

Mount a blea(dK!d s(‘<'tion in corallin soda — many of the sieve 
tubes will sliow rounded masses of callus stained pink, 
i Notice in some of the ccdls of the medullary rays and bast 

i parenchyma numerous minute, pri.smatic crystals ; they are 

• calcium o.xalate, and will appear brilliantly illuminated when 

examined by polarised light. Among other cell contents to be 
examined not(r tluf starch grains. 

Mount a s(;ction in diluted solution of iodine in potassium 
iodide ; observir the abundance; of starch grains which also 
(K-.cur in some of tin; sch'renchymatous cells. 

Make a diagrammatic, .sketch of the transver.se section, and 
enlarged .sk<‘tches of a portion of tlu; sclerenchymatous lang 
and of the secondary Irast. Sketch a few starch grains also. 

Treat radial seeti<ins as din-cted for transver.se. 

The secretion c«*ll.s are easily seen ; they are axially elongated ; 
some are empty, but .some contain yellowish volatile oil (or 
r(‘sin), or a mixture of this with mucilage, or mucilage alone, 
i Mucilag<; is best seen in a s(>ction cut from bark that has not 

been s<iaked in water. Mount the section in dilute glycerin 
and examine ; tin; nuualage .slowly .swells. 

Th(‘ si(;v«; plates an* small, transvensely or slightly obliquely 
situat<‘d, and very numerous. Tin; sclerenchymatous cells are 
nearly isodiametric ; the; par(;n(;hymatous cells next them are 
rather thick-walled and isodiametric, or slightly axially elon- 

i gated. The hast parenchyma cells have thinner walls ; they 

are strongly axially elongated, and exhibit large circular pits. 
The cells of the medullary rays are larger, squarer, sometimes 
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but not always radially elongated, and have very thin walls ; 
they can therefore he easily identified. 

Treatment by MaeeratioD, &c.— Digest a few fragments of 
the bark in 5 per cent, solution of potash in a water-bath for 
fifteen minutes ; wash with distilled water, and tease out with 
the needles on a slide. The bast fibres can by this means be 
easily isolated, since they often occur singly. Examine and 




Fig. 97. — Powdered Cinnamon Bark. S.j, bast parenchyma 
in longitudinal and in transverse section ; b.l., bast fibres ; 
c.p.y cortical parenchyma ; cy., crystals of calcium oxalate ; my. 
medullary ray; s.t., collapsed sieve tissue; scL, sclerenchy- 
matous cells ; scr., secretion cells ; si,, starch. (Partly after 
Greenish and Collin.) X150. 

sketch one or two, preserving accurately the relative length 
and thickness. 

In this preparation numerous secretion cells containing 
droplets of yellowish oil or brown resin will he found. Sketch 
one or two. 

From a small portion wash out the potash with distilled 
water ; mount in corallin soda ; the callus plates stain pink, 
hut not as well as in the section bleached with chlorinated soda. 

Macerate a few pieces of the hark with potassium chlorate 
and nitric acid, as directed for quassia wood ; isolate, and 
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examine the sclerenchymatous cells ; observe the frequent one- 
sided thickening ; as only one wall is thin, it is necessary to 
make the cells roll so as to present varying aspects. Sketch 
three or four cells. 

Examination of the Powder.— Reduce some picked cinnamon 
to powder, and sift it through a No. 60 or No. 80 sieve. 

Mount a little in water or dilute glycerin; examine the 
starch. The grains are small, often two, three, or four to- 
gether. Sketch a few, preserving accurately the relative 
size. 

Examine again after two hours or more. Note the colour 
of the fragments, varying from yellowish in the smallest 
to brown in the largest ; the bast fibres and sclerenchymatous 
cells are colourless or yellowish, though they may sometimes 
appear coloured from the adhering walls of parenchymatous 
cells. 

Mix O' 2 gramme of the powder with 10 c.c. of solution of 
chlorinated soda. Shake occasionally until the brown colour 
i.s changed to yellowish. Separate the powder by allowing it 
to settle, or by the use of the centrifuge. Wash with dis- 
tilled water, and separate again. Pour off the supernatant 
liquid, and treat the residue as follows ; 

(1) Mix a little of the deposit with glycerin and examine. 

Observe in this preparation the bast fibres, starch, 
calcium oxalate, and cellular elements. The sieve 
tubes and secretion cells are not easily seen. 

(2) Transfer a little to a slide, remove most of the water 

with filter paper, add a little Soudan red in glycerin, 
and warm gently to the boiling-point ; let the slide 
stand for five or ten minutes, and examine. The 
secretion cells will be readily distinguished by the 
red colour which their suberised walls will have 
assumed. Others of the cell walls also frequently take 
a faint colour, but not nearly so deep as those of the 
secretion cells. Droplets of oil in the preparation are 
also stained deep red. 

(3) Stain a little with corallin soda ; the callus plates stain 

pink, rendering the sieve tubes easy of identification. 
Compare them with the section. 

(4) Warm a little of the deposit with water or chloral 

hydrate. The starch will be gelatinised, and the 
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mintite, prismatic crystals of calcium oxalate can 
easily be seen, both in the cells and scattered over the 
field. By polarising they can be made particularly 
conspicuous. In this preparation the characteristic 
pits on the walls of the parenchymatous cells can also 
be seen. 

(5) From a little of the deposit remove the water and add 
a drop of strong hydrochloric acid ; cover, and allow 
it to stand five or ten minutes. Then remove the 
acid, and add a drop of glycerin. The bast fibres and 
sclerenchymatous cells are now particularly well seen, 
and can be minutely examined. 

Coarse powder may be separated by sifting as described for 
senna, the fine powder being examined as above, while from 
the coarsest fragments sections should be prepared. Part also 
of the coarse portion should be reduced to fine powder, and 
compared with that separated by sifting. 

Fine Powder of Commerce. — This may be examined in the 
same way. Abundant fragments of parenchymatous cells, 
often difficult to identify, are present ; many of the sclerenchy- 
matous cells and bast fibres are broken ; liberated starch 
grains are abundant. 

The presence of vessels and wood fibres indicates probable 
adulteration with bark refuse ; gelatinised starch grains 
would point to adulteration with the residue left after dis- 
tillation of the volatile oil, although intact starch does not 
necessarily exclude such exhausted bark, as the starch grains 
of cinnamon are not readily gelatinised. Adulteration with 
bark that has been exhausted by percolation is best effected 
by chemical means. 

Diagnostic Characters. — ^The chief diagnostic characters of 
powdered cinnamon are : 

(a) The pervading yellowish to brown colour ; 

{b) The characteristic, slender, isolated bast fibres without 
crystal cells ; 

(c) The sclerench5unatous cells, frequently exhibiting one 

wall thinner than the others ; 

(d) The numerous small, often compound starch grains ; 

(e) The minute crystals of calcium oxalate ; 

(/) The secretion cells ; 

(g) The parenchymatous cells with characteristic pits. 
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Cassia Bark 

Source. — The bark of Cinnamomum Cassia, Blume. 
Examination. — Cassia bark closely resembles cinnamon bark 
in structure and may be examined in the same way. The 



Fig. 98. — Cassia Bark,, transverse section. 6, bast fibres; K, 
sclerenchymatous cork cells ; wt, medullary rays ; primary 
bast fibres (pericyclic fibres) ; pr, cortical parenchyma, with 
sclerenchymatous cells ; s, sieve tubes ; schy secretion cell ; 
st, sclerenchymatous cells, forming an interrupted ring, x 160. 
(Moeller.) 

transverse section often exhibits a layer of cork in which rows of 
cells with thickened walls alternate with cells with thin walls. 
The cells of the sclerenchymatous ring have thinner walls 
than the corresponding cells of cinnamon and exhibit a 
more conspicuous one-sided thickening ; many contain small 
starch grains. The cells of the cortical parenchjTOa are also 

12 * 
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frequently thickened on one side. The bast fibres are thicker 
than those of cinnamon, as are also the walls of the parenchy- 
matous cells. The starch grains are rather larger than those 
of cinnamon. 



Fig. 99. — Cassia Bark, radial section. &, bast fibres ; bp, bast 
parenchyma ; m, medullary ray ; pr, cortical parenchyma ; s, 
sieve tube ; sch, secretion cell ; st, sclerenchymatous cells. 
X 160. (Moeller.) 


The distinction of powdered cinnamon from powdered 
cassia is not difficult if fine grades of cinnamon are compared 
with typical samples of cassia. But the differences, which are 
themselves not great, diminish as one compares the lower grades 
of genuine cinnamon with the finest grades of cassia. In such 
cases the powders are extremely difficult to distinguish. The 
bark of C. Burmanni de Candolle, which is occasionally met with 
under the name of Cassia vera, is distinguished by the thickened, 







Fig. I c>o.— Powdered Cassia Bark, b.Of bast parenchyma in sur- 
face view and in section; 6./., bast fibres; r.i, c.») cork in surface 
view and in section ; c.3, c.4, thick-walled cork in surface view 
and in section; cortical parenchyma; 6T., crystals of calcium 
oxalate ; wy.j, jwr.g, medullary ray in radial and in tangential 
section, with crystals of calcium oxalate ; scl.j sclerenchymatous 
cells; scr.j secretion cells; st.j starch. (Partly after Greenish 
and Collin,) X150. 

C. Tamala, Necs ct Eberm., has similar crystals of calcium 
oxalate, but no such pitted cells. 

Red Cinchona Bark 

The bark of Cinchona succirubra, Pav. 

Preparation and Examination of Sections, — For examination 
choose a rather thin, young, cultivated bark in quills ; prepare 
it by soaking in water or dilute glycerin for twelve hours ; cut 
transverse sections, and treat them in the usual way. Mount 
one in water. The section does not expand well in water; add a 
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drop of solution of potash ; the colour deepens, and the section 
expands. Solution of caustic potash is frequently preferable to 
chloral hydrate, especially for hard barks and for such as con- 
tain much colouring matter resulting from the decomposition 

of tannin. Allow a few 
sections to stand in 
dilute glycerin for sub- 
sequent examination of 
the cell contents (see 
P- 183). 

Observe the cork cells ; 
they are very narrow, 
ca . ox. flattened, and contain 
a deep reddish-brown 
amorphous substance, 
even after treatment 
with caustic potash. 
Next to the cork there 
is often a phelloderm of 
varying thickness ; the 
cells are very much less 
coloured than those of 
the cork or primary 
cortex. 

The primary cortex 
in young barks is often 
of considerable width ; 

its inner limit is not 

very well defined, but 
on examination large, 
isolated, usually empty 
cells may be discerned 
near the commencement 
of the bast rays ; they 
form a diffuse ring near 
the junction of the pri- 
mary cortex with the 
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^^^section Succirubra, transverse 

section of bark. cal. ox., sandy crystals 


hpcf n'nrr xiiciiy CUriCX WltJtl the 

resinous nati^? contain a substance of gum- 

Careful examin^^h* ^ barks they are often empty. 

expans Hi 

pansm of the walls by solution of potash, show these cells 
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to be strongly axially elongated secretion tubi^s lined with 
delicate secreting c(dls which, in the dry drug, are collapsed. 

The walls of the cells of the primary cortex arc encrusted 
with a reddish-brown amorphous substance and are collenchy- 
matous at the angles. Som(! of th(i cells are filled with sandy 
crystals of calcium oxalati; ; others contain small simple starch 
grains or compound grains with two or three components. 

The medullary rays are one to thn^i; cells wide, and exliibit no 
striking features. 

The bast rays are made up of liast parenc-hyma, siisve tubes 
and bast fibres, but tlu; colour of the panuichyma is so dark 
that l)ut few chitails can be seen ; the cidls contain calcium 
oxalate and starch. 

Tlic bast fibres, on thi; other hand, ari; viuy conspicvious by 
reason of their size. Tlu^y are isolattul, and arranged in 
irregular radial rows. Many nu^asure from 40 to 60 /j,, some 
even 90 /a in diameder. Thi; lummi is often reduced to a 
point ; the wall is colourhtss, very distinctly striated, and 
traversed by rather nume.rous pores. These bast fibres are not 
accom})anied by crystals. 

Remove the colour by bleaching the sections with chlorinati^d 
soda. Wash them onc(! or twice in distilled water, and mount 
one in water. 

Tlie walls of all the cells can now be much mori; distincdly 
seen ; tliose of th<! cortical parenchyma oft im exhibit largis pores, 
but in the bast rays even now tlu; sieve tubes can with dilliculty 
be distinguislutd from the liast piirencliyma. 

Stain a bleached section with corallin .soda : the callus plates 
stain, and the. .sieve tubes can thus be identified. Oollap.sed 
sieve tubes occur in the outer portion of tlie, bast. 

Examine a section aft(‘r jirolonged maci'ration in dilutf; 
glycerin ; obsfjrve occasional (sometimes numiirous) small 
starch grains and the abundant, reddi.sh-lrrown, amorphous 
contents of the parenchymatous cells ; the bast fibnis appe;ir in 
section colourless f)r nearly .so. 

Treat radial sections in the same way. Observe particularly 
the; bast fibres ; they are spindhvshaped ; the wall is distincdly 
striated, the lumen is narrow, and the pits widen towards the 
lumen. I'he sieve tubes an; small. 'I'he principal sieve plates 
are placed transversely or nearly so, but there are very small 
ones in vertical rows on the tangential walls. 
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Treatment by Maceration. — Digest some pieces of cinchona 
bark for about fifteen to thirty minutes in 3 per cent, solution 
of potash, and tease out. 

The bast fibres are yellow ; they are completely isolated, 
and their shape can be well seen. Observe numerous paren- 
chymatous cells filled with prismatic crystals. These crystals 
are the precipitated alkaloids, and dissolve readily in dilute 
acid. 

Stain the callus plates of the sieve tubes with corallin soda, 
bleaching first with chlorinated soda as directed for cinnamon 
bark, if necessary. 

Examination of the Powder. — Examine powdered red 
cinchona bark as follows : 

(1) In water. The bast fibres are mostly isolated ; some are 
|intact, some broken, but even the broken fibres are 

easily recognised by their large size and characteristic 
pits ; some are almost colourless, others yellowish- 
brown ; the walls of adhering parenchymatous cells 
may make them appear darker than they really are. 

There are also very numerous fragments of yellowish 
to deep reddish-brown parenchymatous tissue. 

(2) In dilute glycerin, allowing the preparation to stand. 

For the sake of uniformity the colour should be judged 
on this preparation under a magnification of 200 
diameters. The parenchymatous cells have thin or 
moderately thick walls. 

(3) In chloral. Warm in the water-bath for a few minutes, 

or allow it to stand several hours. The bast fibres 
become very distinct ; the parenchymatous cells lose 
much of their colour, and can be identified. The cork 
is composed of polygonal cells, the colour of which is 
usually very dark brown. 

(4) In chloral iodine, for the detection of starch. 

(5) After bleaching with chlorinated soda and staining with 

corallin soda, for the detection of the sieve tubes. 
Diagnostic Characters. — 

{a) The remarkable bast fibres, with their characteristic walls 
and pits. 

(6) Absence of other sclerenchymatous elements, 

(c) The yellowish- or reddish-brown colour of the paren- 
chyma. 
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Identification of an Unknown Powder as 
that of a Bark 

In th(i examination of a powder of unknown origin it 
may bt‘ necessary to identify it as tliat of a powdered bark. 
'I'heri! is only on<‘ characteristic (dement that is present 
in all bark powders, and upon which llKTcfore particular 
stress must be laid ; this is the suwe tube. Its presence 
necessarily indicates llu' pn-sema; of bast tissue, and, as barks 
are composed more or le.ss larg(>ly of l)ast, the presence of 
numerous and comparatively large suwe tubes is strong pre- 
.sumptive evidence that the powder is d(‘riv(;d from a bark. 
Cork tissue is also j)resent in most powde^red barks, but not 
necessarily, sinc<( it is sometimes removed during the prepara- 
tion for the market. NewertheDss, the occurrence of much 
cork tissue* is strong confirmatory (.‘vidtmee, as is also that of 
bast fibres and sclen'nchymatous cells. 

All these elements may, liowev<!r, be present in the bark that 
is attached to, and constitutes a portion of such organs as roots, 
rhizomes, &c. It is certainly true that sclerenchymatous cells 
and fibres are not usually i>re.sent in roots or rhizomes, but to 
this there are many exceptions. 

A powdered bark .should be free; from vessels, but frag- 
ments of wood may occasionally be found adhciring to barks 
and constitute a source of contamination. Much vascular 
tissue would therefore indicate the pre.sence of wood. Chloxxi- 
phyll and the tissue in which it is chiefly found (palisade and 
spongy parenchyma) .should also be absent, as well as epidermis; 
the presence of these would indicate admixture of leaf powder. 
Aleurone grains and fixed oil, characteristic reserve materials 
of se(;ds, should also be absemt. 

Having determined that the powder is derived from a bark 
and is free from contamination with powder derived from other 
organs, the endeavour may be made to establish its identity. 

As is the case with leaves, this is at present a matter of 
considerable difficulty and recpiires great experience. Much 
information may be obtained from the published descriptions 
of the anatomy of the more important and more common 
barks. 
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SEEDS 

INTRODUCTION 

The student is strongly recommended to study carefully in 
his text-book of botany the structure of the seed ; the object 
of the following brief account is to direct his attention to those 
parts of the seed which usually afford valuable diagnostic 
characters. 

The fully developed seed consists commonly of two seed 
coats, an outer and an inner, enclosing a kernel. Sometimes, 
however, only one seed coat is present, while occasionally 
there are three, the third being in the shape of an arillus or 
arillode. Now and then a caruncule is attached to the seed. 

The kernel of the seed may consist simply of the embryo, 
or of the embryo accompanied by either endosperm or 
perisperm, or both. 

In those seeds in which the kernel consists of the embryo 
only, in which, therefore, the tissues of the nucellus and 
embryo sac have not developed into perisperm and endosperm 
respectively, the remains of the younger stages of these two 
tissues are usually to be found. As the contents of their cells 
have been utilised by the embryo for its development, the 
empty cells become pressed together, and ultimately form 
dehcate hyaline membranes, the structure of which is per- 
ceptible in surface view only. Difference of opinion exists 
as to whether these membranous layers are to be reckoned 
^ part of the seed coat or part of the kernel. Seeing that 
they afford an additional, if only very slight protection to 
the embryo, they may be included with the seed coats, 
wkch, therefore, will embrace all the tissues of the seed 
extenor to the kernel. 
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The following parts may, therefore, be present in a seed, and 
each of them may furnish valuable diagnostic characters ; 

1. Caruncule. 5. Perisperm. 

2. Arillus. 6. Endosperm. 

3. Outer seed coat. 7. Embryo. 

4. Inner seed coat. 

The seed coats exhibit an infinite variety of structure, but 
the following tissues may be mentioned as of frequent 
occurrence : 

1. Mucilaginous Layer , — Many seeds, especially dicotyle- 
donous seeds, contain a layer of cells in which a quantity of 
mucilage has been secreted. As this mucilage is often 
destined to attach the seeds to the soil upon which they fall, 
it is usually the epidermal layer that is mucilaginous. Seeds 
that are thus provided with a mucilaginous epidermis surround 
themselves with a layer of mucilage when they are soaked in 
water (mustard seed, linseed, quince seed), 

2. Sclerenchymatous Layer , — ^Very frequently one or more 
rows of cells in the seed coats develop into a layer of scleren- 
chymatous cells or fibres, the object of which is to supply the 
seed coat with the necessary firmness and resisting power. 
This layer is often developed from the inner epidermis of the 
outer seed coat (mustard, linseed), though this is by no means 
necessarily the case ; sometimes it is developed from the outer 
epidermis of the outer seed coat (henbane). The cell walls are 
frequently coloured and thickened in a characteristic manner ; 
hence they possess a high diagnostic value. 

3. Pigment Layer . — ^The particular colour of the seed coat is 
often due to colouring matter deposited in a single (or occasion- 
ally multiple) layer of cells (hnseed, black mustard seed). 

In other cases certain layers of the seed coats develop in 
particular ways ; thus, in cardamom seeds, in addition to a 
sclerenchymatous layer, there is a single layer of large rect- 
angular cells in each of which volatile oil is secreted. In nux 
vomica, the epidermal cells of the outer integument develop 
into remarkable hairs, while all the remaining layers become 
obliterated ; in areca seeds, sclerenchymatous cells of varying 
shapes are developed, together with much tannin. 

The tissues derived from the outer and inner integuments 
of the ovule may be followed by obliterated layers derived from 
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the nucellus or from the embryo sac, as well as by the proteid 
layer. The latter is usually the epidermis of the endosperm, 
and is generally weU preserved, the cells being moderately 
thick-walled and Med with proteid matter and oil. The 
obhterated layers of the nucellus and embryo sac often form 
hyaline membranes in which little stmcture is discernible, at 
least in transverse sections. 

The kernel of the seed may consist of the embryo alone, 
or of the embryo and endosperm, or of the embryo, endosperm 
and perisperm. 

In structure the perisperm and endosperm are usually very 
similar. The cells of which they consist may have very thiri 
walls, in which case the contents form the reserve material, or 
the walls may be thickened, sometimes to such an extent 
as almost to obliterate the cavity, the thickening being reserve 
cellulose or mucilage, or some modified form of cellulose 
(areca nut, foenugreek seed, nux vomica). 

In seeds that contain no endosperm, the embryo itself 
usually fills with reserve material. 

Very important for the present purpose is the determination 
of the thictoess and nature of the cell walls of these tissues, as 
well as the character of the pits and the nature of the reserve 
material. 

The infinite variety exhibited by the layers of the seed coats, 
both as regards the cells of which they are composed and 
the contents of those cells, renders the seeds very interesting to 
examine, and often easy to identify, in either the entire or the 
powdered state. Diagnostic characters are to be looked for 
particularly in the following cells and cell contents : 

(а) The epidermis of the seed coat. 

(б) The sclerench 5 mnatous layer. 

(c) The pigment layer. 

(d) The cell walls of the kernel. 

(e) The reserve material of the kernel. 

In addition to these, valuable diagnostic characters may be 
found occasionally in others of the layers present. 

Aleurone Grains 

In a preceding chapter the examination of starch grains 
was dealt with, and it was pointed out that they constitute a 
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most important means of identifying certain foods and drugs 
by reason of the varying characters that they exhibit. These 
characters are fairly constant for the starch grains of one and 
the same drug, but they vary in the grains of different drugs. 
Moreover, it is obvious that the presence of starch grains in a 
powdered drug which normally contains no starch indicates 
either substitution or adulteration, or possibly, as in the case 
of seeds, the substitution of the unripe for the ripe organ. 

Starch is one of the commonest of the reserve materials 
of seeds. It is accompanied by proteid matter, which usually 
takes the form of minute rounded grains. In the pea, for 




Fig. 102. — Section of the Cotyledon 
of Pea. a, Uj aleurone grains ; i, iy 
intercellular spaces ; sty starch. 
Magnified. (After Sachs.) 


Fig. 103. — Cell from the Endosperm 
of Castor Seed, showing large trans- 
parent aleurone grains with globoids 
and crystalloids embedded in them. 
(After Sachs.) 


example, the interspaces between the starch grains are packed 
with these minute grains of proteid matter embedded in a 
granular ground substance. They can be readily seen if a very 
thin section from a dry pea be examined in glycerin to which 
a little solution of iodine in potassium iodide has been added, as 
under such conditions they acquire a yellowish-brown colour 
(fig. 102). To these grains the name of aleurone grains or 
proteid grains has been given. 

In many seeds, especially in such as contain oil or fat as 
the chief reserve material, the aleurone grains attain a much 
larger size than they do in starchy seeds ; they then occur 
immersed in the oil or oily plasma that fills the cells (fig. 103). 

Like starch grains, the aleurone grains of one and the 
same drug exhibit a remarkable constancy in their characters, 
but they often differ in size, shape, or composition from the 
aleurone grains of other drugs. Here, then, is a means by 
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which it is possible, within certain limits, to distinguish one 
seed from another. This becomes especially important when 
the seed coats, in which the most valuable diagnostic characters 
reside, have been removed, and the chief means of identifica- 
tion thus destroyed. Such is the case with the flour prepared 
from decorticated seeds, or the very finely sifted flour from 
ordinary seeds, for, in both cases, but very few fragments of 
the seed coats are to be found ; the cells of the endosperm 
or cotyledons seldom exhibit any marked differences in the 
cell walls or cell contents, excepting the aleurone grains. 
Since aleurone grains are found in ripe seeds only, it follows 
that their presence in a powder indicates the presence of a 
powdered seed or part of a seed. 

The following tabled gives the sizes and contents of the 
aleurone grains of some of the common oil seeds ; small grains 
(i /i to 2 n) are often also present : 



Size. 

Globoids. 

Crystalloids. 

Papaver somniferum . 

3 /J. to 7 fx 

numerous small 

one 

Riciniis communis 

7/1 to 11 

one to several 

one or two 

Sesamum indicum 

10 fx to 12 fx 



>» )f 

2 jx to g fx 

many small 

none 

Cannabis sativa . 

4 /u to 8 fx 

one 

one 

Brassica sinapioides . ') 




„ Juncea . . > 

7 fx to 16 fX 

numerous small 

none 

„ Napus . . ) 




Amygdalus communis . 

10 to 15 /X 

— 

one to three 


3/1 to 8 ft 

one to three 

none 

Linum usitatissimum . 

10 ft to 19 ft 

one 

one to three 

Cocos nucifera 

25 ft to 56 ft 

numerous small 

one to many 


It becomes very important, therefore for the microscopist to 
study especially (a) the means by which aleurone grains may 
be recognised, and {h) the means by which the aleurone grains 
of one seed may be distinguished from those of another. For 
this purpose, seeds containing fixed oil are preferable to those 
that contain starch, as their aleurone grains are larger and 
better developed. 

The student should now make himself familiar with the 
principal characters and properties of these remarkable bodies. 

The following constituent parts have been observed in 
aleurone grains, viz. ground substance, crystalloid, globoid, and 


1 Tschirch. 
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calcium oxalate crystals. It is, however, comparatively rare 
to find all of them in one and the same grain. 

Ground Substance . — ^The ground substance in which the 
crystalloid, globoid, &c., are embedded is quite amorphous and 
usually finely granular in appearance. It is generally readily 
soluble in water or, if not soluble in this medium, it is always 
more or less vigorously attacked by it. Hence water is not a 
suitable medium in which to examine aleurone grains. Fixed 
oils and glycerin, on the other hand, have no appreciable action 
upon it. Prolonged (eight days) maceration in alcohol renders 
the ground substance insoluble in water ; therefore, the 
characters of the aleurone grains caimot be accurately deter- 
mined in seeds or sections that have been subjected to such 
treatment ; but a short maceration (twelve hours) in absolute 
alcohol is advantageous, inasmuch as it makes the grains 
more resistent to water, and dissolves the fixed oil, which 
usually accompanies them, so that the properties of the grains 
can be more easily studied. 

In very dilute (o‘3 per cent.) caustic potash the ground 
substance dissolves in all cases rapidly and completely. Lime 
water and dilute alkalies in general also dissolve it. It is also 
soluble in solutions of sodium chloride (i to 10 per cent.), 
magnesium sulphate (i to 20 per cent.), and disodium hydrogen 
phosphate (saturated solution). 

Crystalloids . — ^The crystalloids consist, like the ground 
substance, of proteid matter, which, however, as the name 
indicates, has assumed a crystalline form ; according to 
Schimper,! they belong either to the regular or to the 
hexagonal system. They differ from true crystals in the 
inconstancy shown by their angles, and in the fact that, imder 
certain conditions, they swell. They may be so large as to 
constitute by far the bulk of the grain, or they may be embedded 
in a larger amount of ground substance. 

They are less soluble than the ground substance of the 
aleurone grain. They are seldom soluble in water, or in 
saturated solution of disodium hydrogen phosphate, but always 
dissolve in dilute solution of pptash. 

Both ground substance and crystalloid are coloured brown 
by iodine solution, yellow by saturated solution of picric acid, 
and red by Millon’s reagent. 

^ Zeitschr, /. KyystallogmpMej 1880. 
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Globoids . — ^These bodies, which occur in many aleurone 
grains, are usually rounded or ovoid in shape. They consist, 
according to Pfeffer, of magnesium and calcium combined with 
phosphoric acid and with an undetermined organic acid. They 
are insoluble in water and in dilute caustic potash, but are 
soluble in dilute acids, in saturated solution of disodium 
hydrogen phosphate, and in solutions of various other salts. 
They do not colour with iodine or with picric acid, and the latter 
reagent may, under certain circumstances, dissolve them. They 
vary very much in size (0*5 to 10 fj), but are generally small 
(i yu. to 3 yLt). In those aleurone grains in which one or more 
crystalloids are accompanied by a globoid the latter is commonly 
situated at the narrower end of the grain (which is usually ovoid) . 

Calcium Oxalate . — This substance occurs most frequently 
in the shape of small rosettes, sometimes, but comparatively 
seldom, in single crystals, or in groups of a few acicular crystals. 
It is easily identified by the usual microchemical tests. 

Aleurone grains exhibit a great diversity of size and shape. 
Many are rounded ; this is especially the case with the very 
small ones ; frequently they are ovoid or polygonal, or irre- 
gularly angular. Sometimes each cell contains a large grain 
accompanied by a number of small ones, or it may contain 
several of varying size, or a few or many of tolerably uniform 
size. 

In their composition they also exhibit great variety. Very 
often the grain contains one globoid and from one to three 
crystalloids embedded in a rather scanty ground substance ; 
or it may contain numerous minute globoids in a large quantity 
of ground substance. 

The following experiments will serve to introduce the 
student to a suitable method for recognising and examining 
these bodies. 

Take a castor seed {Ricinus communis) ; remove the seed 
coats, cut very thin transverse sections of the endosperm, and 
defat them by maceration for fifteen to thirty minutes in a 
mixture of ether and alcohol (equal parts), or, in this particular 
case, in absolute alcohol ; transfer them to alcohol. Mount 
one in alcohol. 

Observe, especially near the thin edge of the section, large 
ovoid or rounded bodies ; they are aleurone grains, but they do 
not well exhibit their structure when examined in this medium. 
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Irrigate gently with iodine water, or dilute solution of iodo- 
potassium iodide ; the crystalloid and globoid become visible ; 
the former is coloured yellow ; they are embedded in a ground 



Fig. 104. — Aleurone Grains of various Seeds, i and 2, BerthoUetia 
excelsa ; 3, Ricinus communis (after treatment with water) ; 

4, Elaeis guineensis ; 5, Mynstica fragrans ; 6 , Cannabis 

saliva ; 7, Datura Stramonium ; 8, Gossypium, sp . ; 9 and 10, 
Cydonia vulgaris] ii, 12, 13, AmygdcUus communis] 14, 
Phaseolus vulgaris (with starch grains) ; 15, Coriandrum sati- 
vum] I'jy Fceniculumj sp, (Tschirch.) 

substance, and appear surrounded by a delicate membrane. 
Irrigate with very dilute potash (0*3 per cent.) ; the membrane, 
ground substance, and crystalloid dissolve, the globoid remains 
undissolved. 

13 
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Repeat this experiment, using a saturated aqueous solution 
of picric acid instead of iodine ; the aleurone grains are coloured 
bright yellow. 


Mucilage 

Substances of a mucilaginous or gummy nature are very 
frequently present in the parenchymatous cells of vegetable 
organs, and are liable to escape detection, as they are usually 
nearly colourless and exhibit but few distinctive reactions. 

These substances, which may be included in the generic 
term ‘ mucilage,’ occur in a number of varieties differing from 
one another in their mode of production as well as in their 
nature and composition. The varying degrees of solubility, 
the varying extents to which they swell, and the reactions they 
yield indicate that many mucilages are not homogeneous bodies, 
but mixtures in which sometimes one, sometimes another 
variety preponderates. 

Mucilage may result from a transformation of the cell wall, 
as is the case with tragacanth, or it may be produced in the 
protoplasm and deposited on the whole or a portion of the 
surrounding cell wall in the form of a secondary thickening. 
The latter is the more common in drugs. Usually the mucilage 
is deposited in successive layers, and exhibits, therefore, either 
in the dry state or after suitable treatment, a more or less 
pronounced stratification. Not unfrequently these layers 
may be separated froih the cell cavity by a delicate wall of 
cellulose, or even similar walls may separate the layers of 
mucilage from one another. Hence when such a mucilaginous 
layer, bounded by a cellular wall; is swollen by the addition of 
water, the delicate cellulose wall becomes visible and gives rise 
to the impression that the mucilage has been contained in 
a distinct cell. Such, however, is not the case. 

All varieties of mucilage agree in being insoluble in alcohol 
and in glycerin, but, as already observed, they either swell or 
dissolve in water. In sections examined in glycerin or alcohol, 
the mucilage appears as transparent or granular thickenings of 
the cell wall, which, however, may be so considerable as to fill 
the cell cavity. Irrigated with water, the mucilage usually 
swells ; with alcohol, it again contracts ; with solution of sub- 
acetate of lead, it becomes yellowish and granular. 
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There is no general stain for mucilages, but the following 
reagents are the most useful. 

[а) Solution of corallin in 25 per cent, solution of sodium 

carbonate. 

(б) Solution of ruthenium red in 10 per cent, solution of 

lead acetate. 

(c) Saturated aqueous solution of Bismarck brown. 

{d) A suspension of Indian ink in water ; in this case the 
mucilage, which does not absorb the black particles, 
is conspicuous as transparent, gelatinous masses. 


White Mustard Seed 

Source. — The seed of Brassica alba, Boiss. 

Preparation and Examination of Sections. — Before pro- 
ceeding to cut sections of the seed, the student should 
make himself familiar with its structure. Soak a few seeds in 
water ; they will surround themselves with mucilage ; when 
thoroughly softened, use the dissecting needles to strip the 
seed coats from one of them. Examine the kernel. It consists 
of two folded cotyledons, embracing the small radicle. Cut 
another seed in half, midway between the hilum and the apex ; 
examine the cut surface' with a lens ; it exhibits sections of 
the cotyledons and radicle surrounded by the seed coats. 
There is no visible endosperm. 

Prepare some seeds for section cutting as follows : 

Mix a few with gum and glycerin (see list of reagents), put 
them on the flat end of a small cork, and let them dry on. 
The glycerin will prevent the gum from becoming brittle, but 
the mucilage will hold the seeds firmly enough for cutting. 
Or a single seed may be fixed in pith, with the hilum upwards, 
so that transverse sections may be obtained. 

Cut a number of transverse sections as nearly through the 
centre of the seeds as possible. Keep them in alcohol. 

Seed Coats . — ^The seed coats may separate from the kernel, 
but this is of no consequence. Transfer several sections 
of the seed coats to a slide ; immerse them in water to 
dissolve the gum, and remove the watery solution with filter 
paper ; mount in chloral hydrate. 
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For examination; select a section that has passed through 
the centre of the seed and exhibits sharply defined lines of cells 
without any blurring from outer layers overlapping inner 
layers, as would be the case with tangential sections. 
Observe the following layers : 

(i) An epidermis (fig. 106, E), consisting of large, rect- 
angular cells, flattened or sometimes nearly square in trans- 
verse section. They average from 40 to 80 in length and 
have very thin walls, the outer one being usuaUy convex. Care- 
ful examination shows them to be filled with a transparent. 



Fig. 105. — Mustard Seed (black.) A, entire seed, X3; B, trans- 
verse section, X65; 4, the cotyledon; 5, the radicle; C, 
portion of the same, still further enlarged ; cr, the mucilaginous 
epidermis. (Berg.) 

colourless, striated substance, in the centre of which there is 
a narrow cavity. 

Mount a fresh section in alcohol (without treatment with 
water) and irrigate gently with water, watching the epidermis. 
The cells swell and become more distinct. Remove the water 
and add solution of ruthenium red ; the substance contained 
in them stains bright pink. It is mucilage, which is deposited 
on the walls of the cells and swells in contact with water, often 
exuding in the form of dome-shaped, transparent masses from 
cells that have been cut by the razor. 

(2) A layer, usually two cells thick, composed of large 
parenchymatous cells, the angles of which often exhibit inter- 
cellular spaces and the walls collench3nnatous thickening (fig. 
106, Gr). They are empty and often collapsed, and hence not 
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easily seen, but here and there they are distinct, and may 
be made more so by wanning the preparation with chlor- 
zinciodine or strong (20 per cent.) solution of potash. They 
are very easily seen in surface sections. 

(3) A single row of palisade cells (fig. 106, Ps.) . These vary 
from 5 to 10 /A in width and from 30 to 40 /j, in length. They 



Fig. 106. — ^White Mustard Seed, transverse section. Al.y aleurone 
layer ; C, cotyledon ; F, mucilaginous epidermis of seed coats ; 
epy epidermis of cotyledon ; Gr.y large subepidermal paren- 
chymatous cells ; pgy parenchymatous cells corresponding to 
the pigment cells of black mustard ; pVy parenchyma of cotyle- 
don; Ps.y sclerenchymatous palisade cells; 5, collapsed cells 
of nucellus. (Vogl.) 

are tolerably uniform in length, but nevertheless a sUght 
increase is perceptible at regular intervals, corresponding to 
the undulating course of the inner walls of the parenchymatous 
layer above it. 

The walls of the palisade cells are pale yellow in colour, 
the inner and radial being much thickened. This thickening 
is not uniform, but tapers away rather abruptly in the upper 
part of the cell, the wall becoming thin, wavy, and often 
collapsed. The lower thickened part has usually an irregular, 
jagged edge. The cell wall is but slightly lignified. 
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(4) A thin colourless membrane which is composed of two 
or three rows of collapsed parenchymatous cells. No cell 
contents are visible, and, indeed little structure can be made 
out beyond indications of cell lumina (fig. 106, pg.). One layer 
of cells can be made more distinct by caustic potash. 

(5) A single row of very conspicuous rectangular cells with 
rather thick walls (fig- 106, Al.). These cells contain oil and 
aleurone grains, which can be stained by appropriate reagents ; 
hence the layer is termed the aleurone or proteid layer. In 
the section under examination the contents will have been 
altered by the action of the water and chloral hydrate with 
which the sections have been treated. The cells of the 
aleurone layer vary from 15 to 30 /a in width, and are about 
15 jLi in height. 

(6) Lastly, there is a colourless hyaline layer composed of 
several rows of more or less collapsed parenchymatous cells 
(fig. 106, S). These may be made more distinct by the use of 
concentrated solution of potash or other reagents that induce a 
swelling of the cell wall ; they generally exhibit rather thin walls, 
and long narrow cavities without any perceptible contents. 

The layers i, 2, and 3 are probably derived from the integu- 
ments of the ovule, while 4, 5, and 6 represent the remains 
of the nucellus and endosperm. 

Kernel . — ^Fix a seed in pith with the hilum upwards, and 
cut sections, as, thin as possible, through the centre ; they will 
cut the radicle transversely. 

Mount one in chloral hydrate ; observe the numerous 
globules of oil that exude. 

Transfer the remainder to ether or a mixture of ether and 
alcohol in a small corked tube, and macerate for a few minutes 
to remove the oil ; then pour off the ether, add a little alcohol, 
and transfer to a dish. 

Transfer a few of the defatted sections to a drop of water 
on a slide, remove the water, and add chloral hydrate. 

Examine first the sections of cotyledons. The tissue is 
thin-walled, and shows a distinct, small-celled epidermis on 
either side (fig. 108, cot.). Under the epidermis of the lower 
surface the cells are elongated to form a varying number of 
rows of palisade cells ; under the upper epidermis the cells are 
more rounded. In the centre the procambial strands, formed 
of very small cells, can be seen. 
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The radicle exhibits an epidermis, next to which there is a 
cortical tissue of cells that have rather thicker walls than the 
cells of the cotyledons, and exhibit intercellular spaces. In 
the centre is the rudimentary stele. 

Sketch a portion of cotyledon and radicle. 

Next examine the cell contents. Mount one or two very thin, 
defatted sections in a saturated solution of picric acid ; after 
five minutes examine the cells at the thin edges of the sections. 
Observe that they are filled with irregularly oval or rounded 
bodies that are stained yellow and appear granular. They 
are aleuronc grains. They are often very conspicuous if the 
stained section is mounted in glycerin (fig. 108, al.). Sketch a 
few. Irrigate very gently with dilute solution of potash 
(0-3 per cent.) ; they rapidly dissolve, each leaving a number 
of minute granules, visible with difficulty, behind. These 
granules are globoids. 

Mount another section direct in glycerin (without water) ; 
the aleurone grains arc quite distinct ; they will dissolve, as 
before, in diluted potash. 

The aleuronc grains can also be stained with other reagents, 
among which iodine is perhaps the best, as it distinguishes 
them from other substances, more particularly from starch 
grains. Iodine water, or diluted solution of iodopotassium 
iodide, may be used, and the grains subsequently dissolved 
by very dilute solution of potash. 

Mount a section of the kernel in water and irrigate with 
solution of potash ; the section acquires a yellow colour. This 
reaction is characteristic of mustard seed. 

Mount another section in Millon’s reagent ; the cell contents 
gradually acquire a brick-red colour (reaction for proteid 
matter). Some of the cells which are larger than their neigh- 
bours arc distinguished by the brighter colour they assume 
with Millon’s reagent ; these are said to contain the myrosin. 

Disintegration of the Seed Coats. — Soak some seeds in water 
for a few hours, and also some others in solution of potash 
for an hour or more. Cut one of each open, and remove the 
kernel. Hold a piece of the seed coat firmly with a needle, 
and scrape the surface vigorously with the sharp edge of a 
glover’s triangular needle ; disintegrate it as much as possible 
by both cutting and scraping. Examine the debris thus ob- 
tained in solution of potash. Search for and identify the layers 
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I 2, 3 , 4 , 5 , and 6 that have been found in the transverse 
section! ’xhey will now present the same appearance as they 
wiU in the powdered drug, and hence this examination is most 

important. , 

fil Epidermis (fig. 107, ef.) : the cells are easily identified 



Fig. 107. — ^White Mustaxd Seed, from the powder, c/?., epidermis 
(in two cells the mucilage, wwc., is figured) ; par i., the upper of 
the two layers of parenchyma ; par 2., the lower layer ; par 3., 
cells of the layer pg in fig. 106. X240. 



by their large size (45 to 60 jj, in diameter), polygonal, trans- 
parent, mucilaginous contents, and thin walls. The mucilage 
exhibits circular striations and a small central cavity from 
which delicate fines frequently extend to the wall. It can be 
stained, if necessary, with solution of ruthenium red. 

(2) This layer usually adheres to others, especially to No. i : 
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it consists of large rounded cells with rather thick walls and 
intercellular spaces; the walls are often thickened near the 
angles. By focussing down, the presence of a second similar 
layer can often be determined (fig. 107, par i., par 2.). 

(3) The palisade cells present their surface view, which is 




Fig. 108. — White Mustard Seed, fragments from the powder, cot.y 
cotyledons ; al.^ cells of the aleurone layer ; al, gr., cells of cotyle- 
don with aleurone grains ; scL, palisade cells, x 240. 

quite different from the profile. The fragments of this layer 
are easily distinguished by their pale yellow colour. On ex- 
amination they appear as small, polygonal cells with thick walls 
and small cavities. The thick walls are the thickened radial 
walls seen in the section (fig. 108, scL). If the cells are lying 
with their outer surface upwards — that is, in the position in 
which they exist in the seed — then, on focussing carefully 
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upwards; the outlines of the thin upper part of the walls may 
often be detected as a delicate polygonal network. Sometimes 
layer 2 adheres to the palisade layer, and its cells can then be 
distinguished on still further raising the focus ; in fact, the 
presence of this layer is often useful as identifying the upper 
surface of the palisade layer. 

(4) Layer No. 4 generally adheres closely to No. 5 (the 
aleurone layer), and in this peculiarity, as well as in the shape 
of its cells, it resembles No. 6. The cells are polygonal, very 
thin-walled, and very inconspicuous (fig. 107, par 3). 

(5) The aleurone layer is usually easy to find ; the cells are 
rather thick-walled, polygonal, or rounded, and have granular 
contents (fig. 108, ah). 

(6) This layer consists of several rows of very thin-walled 
collapsed cells, and generally adheres firmly to the aleurone 
layer. 

Of these layers the student should particularly study Nos. i, 
2, and 3, as these are very characteristic of white mustard. 
Most cruciferous seeds resemble white mustard in their general 
structure, especially in the presence of a palisade layer, and the 
details of these tissues should, therefore, be carefully noted 
(compare black mustard). 

Examination of the Powdered Seed. — Prepare some powder 
from white mustard seeds by crushing them in a mortar ; free 
this coarse powder from fixed oil by washing it with ether or 
any similar solvent ; dry it, first by exposure to the air, and 
finally, for an hour or so, in an air oven, then powder again, and 
pass the powder through a No. 60 sieve. 

Examine the powder first for aleurone grains. Mount in 
alcohol. The preparation will contain abundance of the minute 
(9 to 12 fx) isolated aleurone grains. 

Mount a little of the powder in solution of picric acid ; the 
aleurone grains stain yellow ; many are scattered throughout 
the preparation, others are still enclosed in the cells. They 
are usually very distinct if a small drop only of picric acid 
is used and, after five minutes, a drop of glycerin is added. 

Irrigate a stained preparation with very dilute potash ; the 
grains dissolve at once, leaving behind a number of minute 
globoids. 

Mount a preparation in water and irrigate with chloral 
iodine ; observe the presence here and there of a minute starch 
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Fig, 109. — Powdered White Mustard Seed, ah, aleurone layer, 
surface view ; cot.i^ parenchymatous cells of cotyledon near the 
epidermis ; cot.2i parenchymatous cells of inner portion of 
cotyledon ; ep.^^ mucilaginous epidermis, surface view ; ep.^y 
isolated epidermal cell, side view ; par.^, parenchymatous cells 
abutting on the epidermis ; prc.y procambium with adjacent 
parenchyma ; rad.y parenchymatous cells of radicle near the 
epidermis ; scl. 1, sclerenchymatous cells in surface view at base ; 
scl.^y the same at apex; scl.^^y the same in section with subjacent 
aleurone layer and collapsed parenchyma, x 240. 
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grain or a few grains in a group ; these are probably from 
seeds that are not quite ripe. 

Moisten a little of the powder with alcohol and irrigate 
with potash ; observe the yellow colour which is produced by 
fragments of the kernel. Examine this preparation carefully 
for tissues. The mucilaginous epidermal cells or fragments of 
them are easily found under a low power, as they stand out 
against the yellowish liquid, the mucilage remaining colourless 
and strongly refractive. 

The palisade tissue is also very easily identified by its 
colour and its cells. Layer No. 2 often adheres to this or to 
the epidermis. 

The aleurone layer is colourless, and usually bears attached 
to it both layers of collapsed parenchyma (No. 4 and No. 6), 
one on either side. 

Much of the debris of the cotyledons and radicle can be 
found in the shape of small masses of delicate parenchymatous 
cells. 

Mount a little of the powder in chloral hydrate ; examine 
in this preparation more particularly the fragments of the 
cotyledons and radicle ; the cell walls of the latter are rather 
thicker than those of the cotyledons and there are intercellular 
spaces. 

Mount a little powder in ruthenium red ; the mucilage 
stains pink. 

Examination of Commercial Mustard. — In preparing the 
table mustard of commerce the seeds are crushed and the seed 
coats are almost entirely removed by sifting. Mustard con- 
sists, therefore, chiefly of the powdered cotyledons and radicle, 
with occasional fragments of the seed coats. 

In examining it,- the following method will be found advan- 
tageous : 

Defat about 2 grammes of the powder, drain well, and dry 
by exposure to the air. Reserve a portion of this for examina- 
tion, as directed for the powdered seed. 

Take about 0*5 gramme of the defatted powder and suspend 
it in a weak (o’5 per cent.) solution of caustic potash, which 
will dissolve the ground substance of the aleurone grains and 
clear the tissues. Separation of the cellular debris by subsi- 
dence is tedious, as the liquid is rather viscid, and recourse 
must be had to the centrifuge. Wash the deposited cell debris 
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Once with water, and separate again. The fragments of the 
seed coats are usually deposited first, as they are comparatively 
tieavy, and they can often be easily distinguished in the point 
of the tube. 

Examine this deposit in dilute glycerin or chloral hydrate. 
The various tissues are exceedingly clear, and can readily be 
identified. Any cells or tissues derived from foreign seeds 
can be much more easily detected in the powder prepared as 
indicated than in that which has not been so treated. 

In exceptional cases it may be desirable to endeavour to 
x-emove the delicate parenchymatous tissue and thus concen- 
trate any more resistent cells or tissues, such as sclerenchyma- 
tous cells, bast fibres, &c., into a smaller compass. This may 
be effected by warming the defatted powder with nitric acid 
nnd potassium chlorate, stopping the operation as soon as the 
parenchymatous tissue is judged to be destroyed, and then 
separating by the centrifuge the tissues that have resisted 
oxidation. Among these will be the sclerenchymatous layer 
of the seed coats in a more or less altered condition. 


Black Mustard Seed 

Examine this seed in the same way as white mustard, and 
note the following differences ; 

{a) The mucilage in the epidermal cells swells less and is 
less conspicuous ; the striations are not marked. 

(b) Layer No. 2 (fig. no, m) consists of a single row of cells 

which do not exhibit the intercellular spaces and 
collenchymatons thickenings characteristic of those 
of white mustard. 

(c) The palisade cells are dark yellowish or reddish-brown 

in colour ; at intervals some are conspicuously 
elongated ; this irregularity makes itself perceptible in 
indistinct, reticulate outlines on the surface view of the 
palisade tissue. 

(d) The cells of layer No. 4 (fig. no, p) contain a dark 

reddish-brown amorphous substance. 

The cells of the cotyledons and embryo and their contents 
do not differ in appearance from those of white mustard, 
and the microscope would be unable to distinguish between 
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them if the husk were entirely removed. This, however, 
is never completely effected, and small fragments of the 
seed coats are always to be found in the table mustard of 
commerce. 



Fig. no. — Black Mustard Seed, transverse section, c, collapsed 
remains of nucellus ; coty cotyledon ; cuty cuticle ; aleurone 
layer ; m, large subepidermal cells ; py pigment cells ; sCy 
sclerenchymatous (palisade) cells ; soh, mucilaginous epidermis. 
(Tschirch.) 


Linseed 

Source. — The seed of Linum usitatissimuniy Linn. 

Preparation. — ^The method to be followed in the examination 
of linseed is similar to that for mustard, but in this case the seed 
should be fixed in cork for section cutting. The seed coats are 
very liable to separate from the cotyledons, and often from the 
endosperm also, but this need not cause any inconvenience. 

Examination of Transverse Sections. — A transverse section 
shows the following tissues : 

(i) EpidermiSy consisting of large cells (width about 30 to 
45 fi), which contain mucilage deposited on the outer 
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and radial walls. In contact with water the mucilage 
swells considerably, and often exhibits very distinct 
stratification, which, however, is quite different from 
that of white mustard ; it stains red with ruthenium red. 
The epidermal cells have very thin radial walls, which 
suddenly thicken a little near the inner tangential wall 
(not shown in the illustration) ; the outer tangential 
wall is rather thicker, and is provided with a distinct 
cuticle. (Fig. 112, Ep,y in which the mucilage is not 
shown.) 

(2) Parenchymatous Layer, consisting usually of two rows 

of cells (diameter, 20 to 25 fi) which, however, are often 
partly collapsed ; they have rather 
thick walls, and exhibit in- 
tercellular spaces. Towards the 
sharp edge of the seed there are 
about five rows of such cells ; here 
they have thinner walls, and 
are more elongated tangentially. 

Near one edge the raphe can 
generally be detected as a small 
fibro vascular bundle in this tissue. 

(Fig. 112, H, in this case one layer 
only of cells.) 

(3) Sclerenchymatous Layer, composed 

of radially elongated cells of 
yellowish-brown colour. These 
cells vary in size and appearance 
in different varieties of linseed 
and are usually larger and more strongly elongated 
near the edge of the seed than they are on the 
flat side. Their walls are thickened, pitted and 
lignified. (Fig. 112, Sc.) 

(4) Hyaline Layer . — This is narrow and colourless, and 

exhibits indications only of cell lumina. (Fig. 112, Q.) 

(5) Pigment Layer, which is very conspicuous. It consists 

of a single row of flattened parenchymatous cells, 
each of which is completely filled with a homogeneous, 
dark reddish-brown, amorphous mass. (Fig. 112, P.) 

(6) Kernel, consisting of a narrow endosperm, two cotyledons, 

and a small radicle. Both cotyledons and endosperm 



Fig. II I. -Linseed, trans- 
verse section, showing 
the seed coats, endo- 
sperm, and cotyledons. 
Magnified. (Moeller.) 
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consist of delicate parenchymatous cells containing 
aleurone grains and fixed oil. 

The cells of the endosperm are approximately isodiametric 
and have comparatively thick walls (fig. 112, IX, IX')! 
The aleurone grains are small and irregular, and do not 
well exhibit either globoid or crystalloid. In addition 
to aleurone grains, the cells contain oil, which readily 
exudes on treatment with chloral hydrate. 

The cells of the cotyledons are elongated and have very 
thin walls (fig. 112, X). They contain very character- 
istic aleurone grains. 

Examination of the Aleurone Grains. — ^Mount a very thin 
section in glycerin ; the aleurone grains show very distinctly ; 
they are ovoid in form, averaging 10 to 15 fs, in length, and 
contain a large globoid at one end. 

Stain a section with iodine or picric acid; the globoid, 
together with one or two large, obscurely angular crystalloids, 
can be seen. 

Irrigate with dilute solution of potash; the ground sub- 
stance and crystalloids dissolve at once, leaving only the large 
rounded globoids. These are con-spicuous and characteristic, 
and serve as a means of identifying fragments of the cotyledon 
of linseed, even after treatment with ether followed by dilute 
potash. 

Isolation of the Tissues. — The tissues of which the seed 
coats consist must lx; isolated and examined as those of 
mustard .seed were. Split (me or two seeds open, and remove 
the kernel. Macerate the seed coats for an hour or more in 
solution of pchash ; then vigorously scrape and tease out the 
tissues. 


Fig. 1 12- — -Linseed. I, transverse; and II, longitudinal sections of seed 
coats and subjacent endosperm cells ; F/?., epidermis (mucilage not 
shown) ; H, subepidermal parenchyma (in this case one layer only) ; 
Sc, sclerenchymatous cells ; 0, thin-walled cells crossing these at right 
angles (compare IV and V) ; P, pigment cells ; N, cells of endosperm ; 
III, surface view of mucilaginous epidermis, Ep., and subjacent paren- 
chyma H ; IV and V, surface view of sclerenchymatous cells with thin- 
walled parenchymatous cells crossing them ; VI, the latter cells alone ; 
VII, surface view of pigment layer ; VIII, isolated cells of same; 
VIII', brown masses of contents of these cells ; IX, IX', endosperm 
cells in surface view ; X, section through the margin of the cotyledon; 
XI, group of sclerenchymatous cells (figs. Ill and IV from the powder). 
(Vogl.) 
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(1) The epidermal cells are easily identified ; they are large, 

polygonal or oblong, and thin-walled, and contain or 
are surrounded by transparent mucilage (length, 30 to 
75 /i, mostly 40 to 60 /i). (Fig. 112, III, Ep) 

(2) The parenchymatous layer (2) usually adheres firmly to 

the sclerenchymatous layer (3), and is often covered 
by the epidermis. The cells are rounded and rather 
thick-walled, with intercellular spaces. Diameter 
about 30 fi. One row of cells is always distinctly 
visible, but the second is not easy to detect. Those 
from the edge of the seed are larger and thinner ; such 
cells cover larger and paler sclerenchymatous cells. 
(Fig. 112, III, E) 

(3) The sclerenchymatous layer is very conspicuous, and is 

almost alwaysassociatedwith layers (2) and (4). Ithas a 
brownish-yellow colour, and consists of very long (200 fi 
and upwards) and narrow (often 4 to 5 ;u.) fibrous cells 
with thickened, lignified, pitted walls. The cavities 
of the cells are very small, and hence their shape is 
not very readily seen. Separation by maceration with 
Schulze’s mixture assists in the correct interpretation 
of them. (Fig. 112, IV, Sc) 

(4) This, the hyaline layer, always remains firmly attached 

to the sclerenchymatous cells, and is best seen at the 
tom edge of the latter, from which it often projects a 
httle. It consists of long, narrow, colourless, paren- 
chymatous cells with very thin walls, and these cells 
are themselves crossed at right angles by another 
similar layer, which, however, can be seen only here 
and there. (Fig. 112, IV, Q.) 

Layers (2), (3), and (4) almost always occur together, 
and are very characteristic of linseed. 

(5) The pigment layer is very easily found. The cells are 

polygonal or oblong (20 to 30 /i), and have straight 
or slightly curved, rather thick, pitted walls. They 
are completely filled with a deep brown, homogeneous, 
amorphous mass, which, however, often falls out intact 
from tom cells ; such cell contents can be found in 
eveiy preparation. (Fig. 112, VII, VIII, VIIF.) 

Examination of the Powder. — Defat some powdered linseed 
as directed for mustard. 
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Moisten a little on a slide with alcohol ; allow it nearly to 
dry, and then add a small drop of solution of picric acid ; after 
five minutes add a drop of glycerin, mix well, and examine. 
The aleurone grains stain yellow, and can be readily identified 
(the yellow colour is very slowly removed by the glycerin) : 
those of the cotyledons are more conspicuous than those of 
the endosperm. Irrigate with dilute solution of potash, and 
observe the globoids that are left. 

Mount a little in chloral hydrate (after alcohol). The 
tissues of the seed coats are usually very distinct. The 
sclerench5imatous layer is the most conspicuous. With it are 
commonly associated the parenchymatous layer and epidermis 
above, and the dehcate parenchyma below ; the latter tissue is 
best seen at the edges of the fragment, where it projects beyond 
the sclerench3ma ; the other layers can usually be seen by 
suitable focussing. 

Very conspicuous also are the quadratic cells of the pigment 
layer, with their pitted walls ; the brown, amorphous masses of 
contents are also easily found. 

The parenchymatous tissue of the cotyledons can be identified 
particularly easily by the numerous large rounded globoids left 
after solution of the ground substance and crystalloids ; these 
are very conspicuous. Similar globoids are to be found 
scattered over the field. 

The cells of the endosperm are less elongated ; they have 
rather thicker walls, and less conspicuous globoids. 

Mount a little in ruthenium red ; the masses of mucilage 
stain pink. 

Nux Vomica Seeds 

Source.— The seeds of Strychnos Nux-vomica, Linn. 

Preparation and Examination of Sections. — Split some seeds 
in half, and soak them, together with a few whole seeds, in 
water for twelve hours or more. Expose also some split 
seeds to a moist atmosphere for twenty-four hours. Take 
a suitably softened half-seed, and cut it into two semicircular 
pieces by an incision passing through the centre. As the hairs 
assume a radial arrangement, this incision will be parallel to 
them, and this can easily be determined by examination with a 
lens. Now cut a narrow strip by two incisions at right angles 



Fig. 1 1 3. — Nux Vomica. The upper portion is a section of the endo- 
sperm, the cell walls of which have been swollen by water ; 
primary cell wall. The lower portion is a section at the margin ; 
Ey the outer row of endosperm cells ; s, the seed coat to which 
the hairs are attached, (Moeller.) 


strip in pith, and cut sections, taking care that the razor follows 
the hairs from base to apex, and transfer them to alcohol. 
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a stuiion in \vat(‘r. Tln^. ont^aanoHi layta* (‘onsists 
of tin* c3)iclc*nnal (a*IIs, which ha,V(^ <l(^V(tIojHal into nunarkabln 
hairs ; those ari‘ Inait over luair Iht^ l)as(^ a.nd closely a.ppn;sscal 
to Ihtt sc*c<l, tlins {^nving it its silky apjKairaiKaa These hairs 
camnot, howmaa*, lie satisfactorily studital from a section, as 
many of thorn will Inivo Inaai cut, and in any case tlicj basal 
part is indistinct. Tluty will Ix^ muni clostdy examined lahvr. 

h'olhiwing tint t*[>id(*nnis is a narrow brown laym*, in winch 
indicaitions <d c(}llapsed cells can Ixt discta’ucid. This la,y(‘<r can 
1 h‘ isolab'd I)y warming with potash, and is tlnai S(u;n to consist 
of ilbcldim^d, delicate, thin-walled, [)olyi^onal <‘(ds. 



I ' ltf . ii.|, Xiix Vfiiliira. I, hairs vunviif I from 1 h* 1 <i\v, showing iho 
f r*iir-»vf*rM* Mjrfifiiri of ; H, h;rai of liuir vienved from tlu^ 

IheM* two layers roinpiise the wlioh* of llut iiitefpiimints of 
the seed, and are directly foIlow(*<l by ilw. (tndosptaan, which is 
llt'Xi to he exallliuitd. 

In a sec lion monnttrd in wat<‘r ofjservtr that lln^ endosperm 
cells an* laif^e, and l*ave very thick, strongly refractive? walls. 
Those at the piiiphfay an? smalktr than tht? innc'.r oikjs, and 
more elmfgated, forming a kind of {Kdisaxh*. The? cells have, 

grajinlar coiilrmts. 

C lit soiiif! sections from a sc'ed that has not bcjen soak(?d in 
wati*r ; flatten them out as well as possible, and mount in 
alfa?lioI. In fht! cells irregular, aaigular, granular masstts can 
hi! semi, often two, thnai, or four togetlier in one cell. Tliese 
a.n! the alftiiroiii! grains. Irrigate with iodine water ; the cell 
walls swell ; tlie aleiirone grains acquire a yellow colour and 
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become more distinct. Irrigate with dilute potash ; they 
dissolve, leaving behind a few minute globoids. 

Mount another section in water and irrigate with solution 
of potash ; the cell contents assume a yellow colour, due 
probably to the cafieotannic acid present. 

Mount a section in alcohol. Focus under the low power. 
Irrigate it with water ; the cell walls swell distinctly. Warm 
the section till the water just begins to boil ; the cell walls 
swell still more strongly, often completely obliterating the 
cavity and squeezing out the contents. 

Stain another section with solution of iodopotassium iodide, 
wash, and irrigate with concentrated sulphuric acid ; the cell 
walls assume a blue colour. These tests indicate that the cell 
walls are composed of a mucilaginous modification of cellulose. 

Next study more carefully the hairs. 

Shave off from the surface of a seed the epidermis 
(with part of the subjacent endosperm). Digest for a few 
minutes with potassium chlorate and nitric acid, wash, and 
transfer to spirit. 

Examine a fragment in glycerin, placing it with the hairy 
side downwards. In favourable pieces the outlines of the 
epidermal cells can be seen ; they are usually very irregular, 
wavy, or jagged, and often hear knob-like projections, which 
can be seen by focussing upwards. 

Tease out another part into its component hairs. Observe 
their remarkable shape. The basal part is very irregular 
(compare with previous preparation), often bearing projections 
below and oblique pits on the sides. The upper part is drawn 
out into a very long hair (1,500 /i), the wall of which bears on 
its inner surface a number of nearly parallel thickened bands 
which anastomose but little, and finally meet in the rounded 
apex of the hairs ; these bands are lignified. In many hairs 
the oxidising mixture has destroyed the intervening strands of 
cellulose, and the hairs fray out into their component bands 
towards the apex ; some, however, will be intact. 

Mount in water a section that has not been immersed in 
alcohol ; remove the water, and irrigate with sulphovanadic 
acid ; the contents of the cells rapidly assume a violet colora- 
tion (reaction for strychnine) . 

Examination of the Powder.— Mount a little in water. 
Observe the fragments of endosperm and of endosperm cells. 
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which are conspicuous by reason of their very thick walls. 
Irrigate with water ; the cell walls swell and the structure 



Fig. 115. — Powdered Nux Vomica. aleurone grains; end.f-r 

fragments of endosperm ; i.end.^ inner portion of endosperm ; 
o.end.y outer portion of endosperm ; Ai, bases of hairs in surface 
view from below ; the same in section ; fragments of 
hairs; apex of hair; int.i, seed coat, in section; the 

same in surface view. (Partly after Greenish and Collin.) x 200. 

iDecomes clearer. Irrigate with solution of potash ; the cell 
walls swell still further and a bright yellow colour is developed. 

Mount a little in dilute glycerin, allowing it to stand, if 
possible, twelve to twenty-four hours. Examine under the 
low power. Note the colour ; most of the particles are 
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colourless, but some are pale or even dark brown. Conspicuous 
in the powder are a number of transparent, colourless, rod-like 
bodies about 5 to 15 ‘"’ide and up to 100 long ; they are 
the thickened portions of the hairs which have been broken 
up by the grinding. In addition to these rods, numerous 
colourless fragments of the thick w^alls of the endosperm cells are 
to be seen as well as larger fragments of endosperm, the cells 
of which have granular contents. Further examination will 
reveal the presence of brownish irregular bodies ; these are 
probably the bases of the hairs and will show their structure 
better in the following preparation. 

Mount a httle of the powder in chloral hydrate ; allow 
the preparation to stand a few minutes, or warm it gently. 
The walls of the endosperm cells, especially the thicker, 
swell considerably and become almost invisible ; the hair 
bases, on the other hand, become more distinct and their 
structure clearer ; most of them exhibit their profile, but 
fragments may be found exhibiting the outlines of the cells. 

Stain a little of the powder with phloroglucin and hydrochloric 
acid ; the hair bases and the fragments of the hairs stain 
more or less deep pink, and become more conspicuous. They 
are most clearly seen after treatment of the powder with 
nitric acid and potassium chlorate, by which the walls and 
contents of the endosperm cells are destroyed. 

The aleurone grains are not readily distinguished. Moisten 
a little of the powder wdth alcohol ; add a drop of solution of 
picric acid ; allow it to remain a few minutes, add a small drop 
of glycerin, and examine. The aleurone grains are stained 
yellow ; they are rounded, oval or irregular in shape, mostly 
10 to 30 jtx in diameter, and contain one or more globoids. 

Areca Nut 

Source. — The seeds of Areca Caiechu, Linn. 

Preparatioa and Examination of Sections. — Select one or 
two areca nuts that have part of the yellowish inner layers of 
the pericarp adhering to them, and soak them for forty-eight 
hours in water or till they are sufficiently soft to cut. Cut 
transverse sections from the outer part of a seed, taking care 
to include the remains of the pericarp. Transfer the sections 
to alcohol. Mount one in chloral hydrate. 


AIvI'J'A 

Ilir HiitniiiMst 4iiu-iNt> « ,1 

sliglitly pitttxl, and likTiifit-d v%:.rri- 1 ^ \ 

ill m.i\ but offt-n abr»nt 15--^ an I ru:;. n 

to 20/i in breadth. They t-xliibn iintT'-dhilar >p/i .r 
easily’’ separate fremi one ani ght t ; lirnra tiir-v in.i\ b* i ; 
loose, or nearly so, and hence al>i> the surlace -*4 tb." r-in.an- 
the perii\irp is scurf \n 

This laya*! is usually from twu to ^ix • nnl .iin.i 

bijunded lui the inner side by a >ingle r-iov .-t n- 'avir. U' 



Fig. 1 16. — Areca Nut. A, vertical sc'ction ot the iriat anrl Sfe*!., 
sliowing tlic fibrous jxTicarp of the tormcr and ruminate 
endosperm of the latter; B, seed. Natural size. iBeiitley arid 
Trimein) 


cells wliiiii present a nearly square or slightly radijIlyA,‘!f nga!rd 
section. These cells vary from 10 to 15/4 in width, am! haw 
pitted, strongly lignilied walls. Surface secticms >lio\\ them tc- 
be polygonal and approximately iscKiiametiic. This li\a.T 
the inner epidermis of the pericarp, and hencc' tiit/ 
hitherto observed do not constitute part of the seed prcjwia 
Following close upon the inner epidermis of the jcraaip 
are the seed coats. These average about jfKi/i in thickios, 
and are rather sharply differentiated into two layers, an cuttT 
thick-walled and an inner thin-w^alled layer. The ctdls of !hi 
outer layer present an oval, rounded, or elongated sccti-'n. 
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due to the irregular direction of the cells ; between them there 
are often intercellular spaces, or even cavities of considerable 
size, caused by the destruction of delicate parenchymatous 
tissue which originally filled them. Those cells that abut on 
the pericarp are often compressed or collapsed, and hence not 
well defined ; here and there elongated narrow cells can be 



found ; the epidermis is seldom distinguishable. The cells 
next to these exhibit loimded, oval, or even elongated sections ; 
they measure from lo to 15 in diameter, and have com- 
paratively thick walls. 

Towards the centre of the seed coat the cells are larger, 
measuring 20 to 60 /«■ in length, the cavities are larger, and the 
walls are not so thick in proportion to the size of the cells as 
are the walls of the smaller cells. All the cells of this outer, 
thick-walled layer, especially those of the inner part, have dark 
reddish-brown cell contents, and often reddish-brown walls ; 
this imparts to the seed coat its characteristic colour. 
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In order obtain an insight i- -a.il - 

cells, it IS necessary te> separate tliiin.. 1 hi> ■an \ • "'e -. .. r, '^ • 
done by gently scraping r^ff the serd ni i-t rarg ta 

powder so produced with alcohol, and nnilCv' . x.iniircxg in 
glycerin. The ceils exhibit the greatest vaTittv ■ *1 ‘-aithr;'' , 
some are very long and narrow, many are d and h,.tV' ■ 

moderately thick, pitted walls, othiTS are n^' irK i-^'diarc; . rn 
They are not regularly arrcinged, but oltt-n tin- 

producing the varying sectir>ns sh^wii in th.^ ilbistraicm. 'Ibo 
walls are often irregularly thickened but n-t -tii-itviL 



Fig. 1 1 8 . — Areca Nut Cells isoUted from outer part cd ccat. 20 «r-, 

The inner, thin-walled part of the seed coat consists id 
larger cells with thinner, pitted walls, and contents that are less 
deeply coloured. Tissue of this nature, but often conshstin.g i>t 
smaller and more or less collapsed cells, constitutes the main 
portion of the ruminations which ptmetrate the endospt^rni. 
The cells, especially those abutting on the endospemi, contain 
a homogeneous reddish-brown substance that reacts for 
tannin. At the point where each of these processes diverges 
from the seed coat there is usually a rather large fibrovaa^'ular 
bundle. 

The cells of the endosperm are polygonal and nearly is-.idi.i- 
metric, varying very much in size {30 to 120 many a!x>iit. 
60 p>). They have very thick cellulose wwlls (10 w'hicii 
swell in contact with water ; the pits are large and rounded 
(6 to 12 fi), and often re^mble bordered pits in action. They 
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contain a granular proteid matter, which stains yellow with 
iodine and dissolves in very dilute potash. Many crystals of fat 
can be distinguished ; these melt when warmed, and then stam 
with appropriate reagents. 



Fig. 1 19. — Powdered Areca Nut. at ., aleurone grains ; b ., bast; 
end.y endosperm ; in. ini., cells from inner layers of seed coat ; 
out. int.y cells from outer layers of seed coat ; per.y cells of pericarp, 
adhering to seed ; m,, cells of ruminations ; scl. , sclerenchy- 
matous cells ; v., vessel. (Partly after Greenish and Collin.) 

X150. 

Examination of the Powder. — ^Mount a little in dilute glycerin ; 
allow it to stand twelve to twenty-four hours and examine 
with the low power. Observe the colour. Many of the smaller 
fragments are colourless or nearly so (endosperm cells), but 
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many are pale to reddish or brown (ruminations and seed 
coats) ; larger fragments often exhibit colourless walls with 
greyish or brownish cell contents. Examine further with 
the high power ; the endosperm cell walls are colourless 
and exhibit remarkable knob-like projections or large, char- 
acteristic, rounded pits ; even the smallest fragments 
may be identified. Elongated cells (from the seed coat), 
usually with reddish contents, may also be found. The larger 
fragments exhibit their structure better in chloral hydrate. 

Mount a little in chloral hydrate ; allow it to stand without 
warming. The colourless or nearly colourless fragments 
of the endosperm are now clear and can be readily identified. 
The brownish or reddish portions of the seed coat and rumina- 
tions are gradually decolourised and become clearer. Those 
from the ruminations are the most numerous ; their cells 
have only moderately thick walls, with numerous rounded 
or pointed pits ; they are irregular in shape, being sometimes 
nearly isodiametric, sometimes elongated. The cells from 
the outer portion of the seed coat are mostly elongated and 
pitted, but vary much in both respects. 

The aleurone grains can best be seen by staining as follows : 
Defat a little of the powder by shaking in a tube with a 
mixture of ether (2 volumes) and alcohol (i volume) ; let 
it deposit ; pour off the clear liquid and transfer a little of 
the moist powder to a slide. Add a drop of aqueous solution 
of eosin, mix, let the mixture nearly dry, add a drop of glycerin 
and examine. The aleurone grains (and also the remains 
of the plasma) stain bright pink ; they are oval or rounded 
and average about 20 /x in diameter ; each contains one or 
more crystalloids ; many are free in the powder, but some 
are still contained in the endosperm cells. 

Cocoa 

Source. — The seeds of Theohroma Cacao, Linn. 

Examination of the Kernel 

Endosperm. — Remove the shells from a few cocoa beans, 
and soak the kernels in water ; reserve the shells. 

Examine the surface of the cotyledons ; note the soft, pale 
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membrane that adheres to it, and also penetrates the folds 
of the cotyledons. This is the remains of the endosperm.^ 
Remove a portion of that which is on the outside, moimt in 
water, and examine. There is only one layer of cells, those of 
the epidermis, to be distinctly seen ; these are polygonal, about 
20 to 30 in diameter, and contain a greyish, granular sub- 
stance, occasional small crystals of calcium oxalate, and 

sphaerocrystalline masses of fat. 
Adhering to the inner surface 
of this membrane are remark- 
able scattered hairs ; they are 
club-shaped, and consist of a 
single or, in the upper part, 
double row of short rounded 
cells containing brown granules. 
These hairs may be 100 fi long 
and 20 to 30 wide ; they are 
developed from the epidermal 
cells of the cotyledon, but 
break off and adhere to the 
remains of the endosperm. 
The rest of the membrane 
consists of a confused mass of 
delicate collapsed parenchyma. 

The fatty nature of the 
sphserites above mentioned 
may be ascertained by their 
melting into globules \vhen warmed, and by their acquiring 
a broTO colour when irrigated with osmic acid. 

That part of the endosperm which penetrates between the 
folds of the cotyledons is similar to that which covers them 
externally, but is devoid of the epidermis. 

Cotyledons, — Remove the endosperm from part of the 
cotyledons, and from the surface of the latter cut very thin 
surface sections ; mount them in glycerin, keeping the epidermis 
upf>ermost. Examine the epidermis. It consists of polygonal, 
isodiametric, or oblong cells measuring about 15 to 30 fx, with 
thin walls. Conspicuous among the contents are little rounded 
granules of deep reddish-brown colour ; to these the dark colour 
of the outer la^^er is due. 

* Tschirch, Anatomiscker Atlas, p. 22. 



Fig. 120. — Cocoa Seeds. Sections 
showing the folding of the cotyle- 
dons. (Tschirch.) 
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Examine a transverse section of the outer part of the coty- 
ledon ; the epidermal cells are flattened ; they are characterised 
by the reddish-brown granules they contain. Below the 
epidermis the cells are polygonal, about 30 in diameter, and 
appear rather thick- walled ; this, however, is partly due to an 
adhering layer of protoplasm, which can be stained yellow 
by iodine. Chloral hydrate clears the section well, so also 
does chloral iodine ; in the latter reagent the cell walls appear 
thin, and in each cell numerous small starch grains stain 
blue. 

Mount a section in water, tearing it so as to liberate the 
starch grains, and examine them ; they are very small and 
mostly rounded ; many are simple, but some are compound. 

Examine more closely a section mounted in water. In 
addition to starch grains, most of the cells contain large, trans- 
parent, colourless masses which show a more or less distinctly 
radiate structure. Irrigate a section with solution of osmic 
acid; they slowly acquire a brown or nearly black colour. 
Warm a section in water; they melt to globules. These 
tests indicate them to be crystalline masses of fat. 

Boil a section gently in chloral hydrate for a few moments ; 
cool, and, if necessary, add more chloral hydrate to replace that 
which has been lost. The starch, fat, and remains of protoplasm 
dissolve more or less completely. Here and there small crystals 
of calcium oxalate can be detected. 

Defat some sections by maceration in ether-alcohol, wash 
with alcohol. Mount one in water, and irrigate with iodine 
water. The distribution of the starch can now be well seen. 
Sometimes the aleurone grains also will be visible after staining 
with iodine, but they are not easily seen. They are usually 
small, and each contains a comparatively large globoid. 

Examine again the section mounted in water ; observe here 
and there cells or groups of cells containing a reddish amor- 
phous substance. This is cocoa-red. It dissolves in sulphuric 
acid and in chloral hydrate with red coloration. 

The presence of the following cell contents has therefore 
been determined in the tissue of cotyledon : 

{a) Fat, in crystalline masses, in most of the cells. 

({)) Starch grains, very small, simple or compound, in most 
of the cells. 

(c) Calcium oxalate crystals, here and^ there. 
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(if) Aleurone grains, small, with large globoids, not easily 
detected. 

(f) Cocoa-red, restricted to isolated cells or groups of a few 
cells. 

Examination of the Shells 

Sections. — Expose some cocoa shells to a moderately moist 
atmosphere until they lose their rigidity, but not longer, as 


Fig. I2I.— Cocoa Seed, transverse section through the periphery 
of the seed, the seed ccats, and the adherent pulp, oot, cotyle- 
^ ^ inner epidermis of pulp of pericarp ; ^5, outer epidermis 
of seed coat ; f 5, remains of endosperm whicii penetrates between 
the cotyledons; m, mucilage; fary parenchymatous tissue 
of seed c^ts;_ pulp of pericarp; 5, inner seed coat; sd, 
inner epidermis of outer seed coat x 45. (Tschdrch.) 

they are apt to become inconveniently moist. Cut transverse 
sections between pith, transfer to alcohol, mount in chloral 

hydrate. 

The sections are very narrow. On the outside there is a 
confused tissue, in which tubular hyphae of fungi, numerous 
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roiiii&it’iL riil- i-t ^ II> and Lu] 

ivrt/il- iAti hv d^'U^hA Thi> i.> i‘A’ 'X- i bv L*\‘r : .,b 

rll> -^;v^.:■^*^ 'W,-. tliio.k, Hlii-’li ^h h'li Iittb' ^tn: tai' 

in >t"- In -ii,^ Imi! , 111 taVijiirablf siirla^'e prv^p u j!: n< ‘ran : n 
til hv ioii4i„ !ubuli,r. and very tliin-walbd ; n tl>' innar -jJe 
IS b'i!iindt'd by a raw of la Us, uh.:h are m r 

Itss t:oii>|:)icuous by reason of the brown lAout v-t thrir w.ilb, 

celi.^ *ire very small (abc^ut 4 to 6 ^ in tanjaential diamotti 
fe€taiigiil.ir. and srimewhat flattened m scctr n . ihtv c- T i» 
stitiite the inner epidermis c;>f the pericarp of the c.c.-a frait 
(fig.. 121, ep). The latter contains when npe a s-'jntv palp, 
part id" which adheres to the seed through the pu:ce^ses ea" 
feniituitation «.ind drying, during which the fungi and fermviit.o 
ti\'e cells., which waue i,)bserved on the exteriotr, arc dt\''ci-..p>ed. 
.AH tht^ tissue up to and inci tiding the epidermis of the ptrricarp. 
alth(,.mgh always found on the outer surface of the shell, 
forms no part of the seed coats. The latter consist of the 
following layers : 

{a] The epidermis of the outer seed coat (fig« 121, csi ; 
tile cells are pale in colour and much collapsed ; 
hence they are often only indistinctly tisible in section,, 
but they can be made more distinct by Meacliing 
the section with solution of chlorinated soda. They 
are much larger than the epidermis of the pericarp, 
measuring about 30 fiin tangential diameter. 

Single row of very' large mucilage cells, very^ conspicuous 
by reason of the large quantity of transparent yellowish 
mucilage secreted by them (ftg. 121, m). The cel! 
walls are very thin, and most of them have broken 
down so as to form large oval catities separated from 
one another by transverse belts of three or four row's 
of parenchymatous cells. Ruthenium red colours the 
mucilage brilliant pink. 

(c) Amass 1 50 to 200 /^thickof collapsed parenchyma, throiigli 

which large fibrovascular bundles ran ; these bundles 
are rich in spiral vessels varying in size from 5 to 15 

(d) A single row of small cells about 10 to 15 tangential 

diameter, exliibiting a flattened action and a horse- 
shoe thickening on the inner and radial walls. This 
layer is the inner epidermis of the outer seed coat 
121, srI), 
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(e) The tissue following this is the inner seed coat. It con- 
sists of collapsed parenchyma in which there is no 
perceptible differentiation. 

Surface Preparation— The next step is the study of these 
cells and tissues in surface preparations. 

From some of the same material cut successive surface 
sections as thin as possible. Place them in succession upon a 



Fig. 122. — Surface view of the epidermis of pericarp and of the seed 
coats, together with the subjacent mucilage cells, epidermis 
of pericarp ; es^ epidermis of seed coat ; w, mucilage, x 200. 
(Tschirch.) 

slide, with the outer side uppermost, and keep them moistened 
with alcohol for a few minutes; finally, mount in chloral hydrate. 

The outer (upper) part consists of an indistinct tissue in 
which yeast cells, small crystals, and the hyphse of fungi can 
be detected. Next to this is a layer of long narrow cells with 
pointed ends, the inner epidermis of pericarp (fig. 122, ep) ; 
this tissue is usually easily found. Abutting upon this is the 
outer epidermis of the outer seed coat (fig. 122, es) ; in surface 
view the cells are large, polygonal, elongated, and thin-walled ; 
they cross the layer above them, sometimes at right angles 
but more often diagonafiy. The walls of the mucilage cells 


lliv >rrii coats 1-. ncjt very readily made ir m »• t: !> "•' t 
tlie iniitT epidermis of the outer seed c-:n.it i.-* j-n- r.ahv * 

III siirLiit^ MXiinns the cells app.Mr ^niali. !-l- -eij e - i z n. ■! 
(abcHit 10 bv 20 ju.), and thk. k-milled. 

Sepaimtlon by Digestion, pioo-mI ty- 

tis.^iies of the sliells. Digest a lew f^ag^ihalt^ with a i j- ’r ■ a.t 
sohitioii cd caiBtic potash in the wator-rvith i-r n :: nr- rj 

minutes (hunger if necessaryl Tease c>nt .i -rn:iH fr ■amrrr ' n 
a slide with tlie dissecting iietala-s, and t’e* dilivt-. ir 

layers by pressing the fragments tiniily witli tht: ri.r 1: ;nd:- : 

a scalpel. Examine in water or dilute gl>i-iTin, 

Tile most conspicuous feature is tire presence ed nunilxus 
of large, rounded, parenchymatous ceils, varying mostly from 
30 to 100 fA in diameter. The walls are iisuaily of a pale reddish- 
brc,n\ii colour, and exhibit sliort protuberances, by which tliey 
were attached to neighbouring cells ; thc^e picduberaiices. sern 
from atx>ve, appear as distinct circles. These ctdls are derii'cd 
from tlie parenchymatous tissue of the shell,. 

Portions of the outer epidermis of the outer seed coit are 
also easily found. The cells adhere to form large pL:itt?s ; they 
are large, polygonal, elongated, and have dauk-br<;ovn strciigiit or 
slightly curved walls. This tissue is often crossed by the long 
narrow cells of the inner epidermis of the pt'-ncarp, the tw'o 
tissues generally remaining firmly adherent. 

The sclereiichymatoiis cells of the inner epidermis of the 
seed coat may also be found, but they are usually much kss 
conspicuous than the parenchymatous cells above descxi'bed. 
After the treatment with potash tlie lumen appears traversed 
by one or two narrow bars, probably folds of the radial wvilis. 

Lastly mimeroiis spiral vessels, from 10 to 20 wide, can be 
found, and also the debris of tubular cells from the pericarp. 

Examination of Powckred Shells 

Prepare some powder from the shells, and exaiiiiiie it as 
follows ; 

(i) In wiiter ; ol^rve the numerous yellowish or browm 
masses, in which little structure is discerniMe, and 
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masses of transparent mncilage, usually tinged with, 
brorvn. Mounted in solution of ruthenium red, even 
the smallest particles of mucilage stain brilliant pink 

or bright red. 

(2) After warming in chloral hydrate, the structure becomes 
" clearer; portions of the sclerenchymatous inner 

epidermis, of the outer epidermis of the seed coat, and 
of the inner epidermis of the pericarp can be detected. 
The parenchjma can be identified as well as debris 
from the tissue of the pericarp. There are very 
numerous fragments of spiral vessels. 

(3) Warm a little with solution of potash and endeavour 

to disintegrate the tissues by pressing upon and 
moving the coverslip. This preparation usually allows 
of easy separation of the various layers, and their 
identification. 

Diagnostic Characters.— The following are the chief diagnostic 
characters of the powdered shells : 

(a) The two epidermises ; long narrow cells crossing larger 

polygonal ones, often diagonally. 

(b) The small, polygonal, thick-walled cells of the sclerenchy- 

matous layer. 

(c) The large, rounded parenchymatous cells with arm-like 

projections. 

(d) The mucilage. 

Examination of Powdered Cocoa 

Having thus thoroughly examined the tissues and cell 
contents of the kernel and the shell, proceed to examine 
the powder as follows : 

(1) Moisten a little thoroughly with water by continued 
stirring ; mount, and examine in water. There are numerous 
isolated starch grains, the characters of which can be best 
examined in water. There are also numerous small and larger 
masses of tissue in which occasional dark-brown cells can be 
seen, but little that is definite. These dark-brown cells turn 
crimson-red with concentrated sulphuric acid. 

(2) Heat the preparation to the boiling-point ; numberless 
globules of oil separate. The starch, however, gelatinises with, 
difficulty, and, even after boiling, only the centre of the grains is 
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translucent. The tissues are clearer, and fragments of the red- 
brown epidermis, of the cotyledons, and also of the endosperm 
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Fig. 123. — Powdered Cocoa Seeds (including seed coats), a, starch 
grains ; ae, outer^layer of endosperm ; ai, inner layer of endo- 
sperm ; aly aleurone grains ; co, cotyledon ; cp^ pigment cells 
containing cocoa-red ; cr, crystals of fat ; ec^ epidermis of 
cotyledon, surface view ; e'c', epidermis of cotyledon, profile ; 
end, inner epidermis of pericarp ; gr, crystals of fat ; /, bast 
from fibrovascular bundles ; ox, calcium oxalate crystals ; 
p, pluricellular hairs ; pa, pi, parenchyma of seed coat ; ra, 
cells of radicle ; sc, sclerenchymatous layer of seed coat, surface 
view ; s'c% sclerenchymatous laj^er of seed coat, in profile ; 
te, outer epidermis of seed coat to which the inner epidermis of 
the pericarp {end) is adhering ; H, inner epidermis of seed coat ; 
tv, V, vessels, &c. x 240. (Greenish and Collin.) 

can be detected. The tissues are, however, not yet clear enough 
for satisfactory examination. 

(3) Defat some powder by shaking it with ether-alcohol for a 
few minutes; wash with alcohol, mount in water. The tissues 
are clearer than they were in water ; add chloral iodine, they 
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become still clearer and the starch colours blue. Boil gently ; 
thej" now become quite clear. The delicate colourless cell 
walls of the cotyledons, the pale to dark-brown epidermis, 
and the small crystals of calcium oxalate are easily observed. 
There are occasional, but not numerous fragments of fibro- 
vascular bundles, but only few of the characteristic hairs are to 
be found. 

Diagnostic Characters. — The chief diagnostic characters of 
the powdered kernels are : 

(a) The thin-walled parenchyma of the cotyledons. 

(d) The minute starch grains, either simple and rounded, or 
compound with two or three component grains ; they 
are difficult to gelatinise. 

(c) The polygonal epidermal cells of the cotyledons, with 

dark reddish-brown, granular contents. 

(d) The characteristic hairs, which, however, are sometimes 

rare. 

{e) The abundance of fat. 

(/) The cells containing red-brown cocoa-red. 

Coffee Beans 

Source. — ^The seed of Coffea arabica, Linn. 

The commercial coffee bean consists chiefly of the endosperm 
of the seed, the seed coats having been removed by the prepara- 
tion the beans undergo. Small fragments, however, of the seed 
coats may be found in the groove running along the flat side 
of the bean. 

Examination of the Seed Coats. — Soften some raw coffee 
beans by soaking in water for several hours, or in a mixture of 
equal parts of alcohol and glycerin for twenty-four to forty- 
eight hours. 

Cut one longitudinally through the furrow on the flat side ; 
from the sides of the groove thus opened, strip a small piece of 
the silvery seed coat. Mount in dilute glycerin or in chloral 
hydrate. 

It is composed of several layers of delicate collapsed paren- 
chymatous cells, but the structure is not very easily seen, a cell 
wall being visible here and there. In this tissue there are 
numerous sclerenchymatous cells. Examine these carefully, as 
they are very characteristic of coffee and always found in it. 


COFFEE 

They are mostly about eight times as Ion? as th v - 
sometimes they are much broader in prop it;. n t 



Fig, 124. — Coffee. 1 ., |>ortioii of the seed coat?, siiiiac.e vif'.i , 
par., collapsed parenchyinatoiis tissue; sd, c., sclereiich\TOato'd ^ 
cells; V., vessel, x22o. I L, transverse sectio.11 of natei part 
of endosperm; ep.^ epidermis, x220, ill,, embryo of ; 

CO#., cotyledon; roi., radicle. IV’"., sections of seeti , , 

cotyledon ; end.y endosperm ; tad. . radicle. 

They vary exceedingly in size, but many range from 150 to 350 ^ 
in length. They usually taper bluntly, but .sometimes they are 
terminated by flat transverse walls. They are often arranged 
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side by side with their long axes parallel, and bear mimerons 
large oblique pits. The phloroglucin reaction shows that their 
walls are lignified. 

Occasional fragments of small vessels derived from the raphe 
may also be found. 

Examination of the Endosperm. — Cut transverse sections, 
and moimt them in chloral hydrate. The epidermis and one 
or two layers immediately beneath it are composed of cells 
with evenly thickened walls ; the rest of the endosperm consists 
of parenchymatous cells with thick walls and very large pits. 
The pits are so large that they form ovate spaces that may be 
as long as the cell is wide, or may not attain half that length. 
In section, the cell wall appears thick and beaded. The embryo 
can be easily dissected out from the soaked bean. The thick 
radicle and two small, cordate, leafy cotyledons consist of small, 
delicate, parench5rmatous cells. 

The chief cell contents are oil, proteid matter, and occasional 
small starch grains. 

Examination of Grotind Roasted Coffee 

The tissues that have been observed suffer no material change 
by the process of roasting to which the beans are subjected in 
the preparation of coffee for table use, but the cell contents 
are partly altered. 

Reduce a few roasted beans to a coarsely granular powder. 
Separate the fine particles by sifting ; from some of the coarse 
ones prepare sections by softening them and fixing them in 
pith. The sections are very deeply coloured, but may be 
readily decolourised by a short maceration in solution of 
chlorinated soda ; examine them in dilute glycerin, and 
compare with the sections of the bean. 

The fine powder is also so deeply coloured as to require some 
preparation before examination. 

Macerate a little in solution of chlorinated soda, separate 
by centrifugation or otherwise, and wash once with distilled 
water; examine, in dilute glycerin. The cells of the endo- 
sperm are now very clear, and easily examined. The scleren- 
chymatous cells of the seed coat are also readily found ; these 
are always present in genuine ground coffee. In the endo- 
sperm cells, oil globules can be detected. 
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Digestion with caustic potash mav also be t- 

remove the colouring matter, but it is not s'KCv-a-; 
chlorinated soda. 

Ground coffee consists principally of ^^agment^ oi ilit 
endosperm, which have the characters abive descnhod, 
these there are always associated portirra- of th c-„,! 
which are characterised by the sclerenchym.it < > ^ .1 - Toi 
debris of the embryo are not easily found, and thvrr iiv < idv 
very few small spiral vessels present. 

Examination of Commercial Coffee 

Separate some of the coarsest iragmmits by sitting , ^.-xununn 
them with a lens, and pick out any that are 
appearance ; soften these, and prepare sections ir.-jiu theni : 
decolourise, if necessary, with chlorinated soda, and examine' 

Decolourise the fine powder that passes through the sie\'-e 
wash, and examine in dilute glycerin. Any foreign frag- 
ments are easily detected. For the characters of chicory see 
page 329. 

Reduce a little of the sample to a moderately .tine pewdri 
and examine this in the same way: nc* tissues iureign to 
genuine coffee should he present. 

Throw a teaspoonful of the coffee on tht- suriarr 
water and Avatch it; genuine coffee floats, with the po^sibh.* 
exception of a few highly roasted particles, while nearly a.ii 
adulterants sink. Examine this sediment, first in water, frr 
starch, and then, after decclorisation. for the tissues present. 

Grey Pea 

Source. — The dried seed oiPismn sativum , Linn. 

Preparation and Examination of Sectioiis.— Prepare the 
seeds by soaking in water for twenty-four to forty-eight 
Should 'the seed coats separate from the kernel exaniine 
each separately. Embed in pith, and cut transverse sections., 
Examine them in chloral hydrate. The following tissurs can 
be observed. 

(r) Epidermis, formed of palisade cells alx3ut 12 ^ wide anu 
58 fx or more Ligh. The walls are cellulose, and are strongly 
and irregularly thickened. The lumen of the cell narrows near 
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the centre, and expands again, towards the base, into a cavity 
with an irregular, wa\y or jagged outline. The walls are tra- 
versed by pits, which appear in this section as longitudinal 
stiiations ; they are better seen in a surface preparation. 

(2) Hypoderma, consisting of a single layer of cells about 
30 wide and the same height. These cells are constricted 
about the middle, and thus assume the shape of a dumb-bell 
or capstan. They are known as ' bearer ' cells. Their walls 
are rather thick and not lignified ; they are traversed by 
longitudinal pits, which often widen as the cell widens. 

(3) Parenchyma, composed of six or eight rows of delicate, 
more or less collapsed, parenchymatous cells of moderate size. 

If the seed is examined carefully there will be seen near 
the hilum a small lenticular patch of a whitish colour. Trans- 
verse sections through this patch show that here the epidermis 
consists of a double row of palisade cells (fig. 126, III. and IV.), 
and also that it is not continuous, but exhibits a narrow slit 
which runs along the oval patch, opening towards the seed 
coats. Below this slit and parallel to it, there is a collection of 
lignified, porous cells, which, in transverse section, is flask-shaped. 
These cells are regarded as tracheids, but their function is not 
accurately known ; they are found in nearly all leguminous 
seeds. The tracheids are surrounded by three rows of delicate 
parenchymatous cells. 

The presence of these tissues necessitates a considerable 
increase in the thickness of the seed coats in their neighbour- 
hood. The hypoderma is replaced by about three rows 
of thick-walled, deeply pitted cells resembling ordinary 
sclerencbymatous cells, which pass into rounded, thick-walled 
cells with short projecting arms, forming a loose tissue with 
numerous air spaces. 

Surface Preparations. — Separate the seed coats and mace- 
rate for twelve hours in cold 5 per cent, solution of potash ; 
tease well out with the needles. 

(1) Epidermis , — ^The cells are polygonal in surface view, and 
exhibit numerous pits, which appear as dark lines radiating 
from a small dark point (cell cavity). 

(2) Hypoderma , — ^The cells are polygonal in outline and have 
pitted walls ; on focussing down the constricted portion of 
the cell appears as a bright ring in the centre of the cell ; 
this ling is traversed by pits, and similar pits extend from 
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Examination of the Cotyledons. — Proceed now to examine 
the cotvledons. Prepare transverse sections from a soalced 
seed, and examine in dilute glycerin. 



Fig. 126. — ^Pea. I., hypoderma vie^ved from above, with, subjacent 
parenchyma, II., epidermis of cotyledon, surface view ; 
1,2, 3, 4, modified epidermal cells from near the furrow. III., 
transverse section through the group of tracheids ; epider- 
mis ; kyp.y modified hypoderma ; scL c,, sclerenchymatous cells 
of same ; tr.^ tracheids. lY., longitudinal section through 
the group of tracheids ; ep., epidermis ; hi., hilum ; hyp., 
hypoderma ; par., parenchyma ; ra., raphe ; tr,, tracheids. V., 
lens view of ^oup of tracheids. I. and II., X250; III. and 
IV., X50. 


The epidermis consists oi -m.iil u.,: .. ^ 

transverse section., and contain dlvninn^: ii:> '' a 
Below the epidermis are large roiindeti p.a ir 



Fig 


i.,-r__-LentiL I., transverse section of see^. cixi. , 
mis- kvp>. liyi»<ieriiia ; par., parenchyma. IK 

Action ■ of cot^edou: epidermis lU vtai.uj 

eft epidermal cells, after treatment with > e^ 

11. view • hvpu hvwxiefma viewed item 

wCparencly-ma of seed coat, surface view . i . aesse 

raphe. All x2oo. 
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with small iatercellular spaces and pitted walls. They contain 
starch grains and innumerable small aleurone grams. In 



Fig. 128. — Haricot Bean. I., transverse section of seed coat ; cr.^ 
crj^stals of calcium oxalate; hyp., hypoderma; par.,^ paren- 
chyma. II., transverse section of cotyledon: ep., epidermis. 

Hi., starch grains ; &piy epidermis of seed coat, in surface view ; 
ep^, epidermal cell, isolated by potash ; hypi, hypoderma, in 
surface view ; hyp^, h5rpodermal cell, isolated by potash ; par^, 
parenchyma of seed coat, surface view ; paf^, inner layers of 
same. All x 200. 

surface view the epidermal cells are seen to be narrow and 
elongated. 

Examination of the Starch. — ^Examine some of the starch 
grains in water. They vary somewhat in shape, but many are 
oval-oblong, subreniform, or rounded, the majority showing 



remarkable enlargements at different points. Length about 
20 to 40 fjL. 
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walls, which are 

§ 

pores, wall at least 

wall at most 3 /a thick ; 

only slightly or 


5 /A thick and 

cell wall in transverse 

Indistinctly pit- 


coarsely beaded in 

section smooth or 

ted in transverse 

^ 0 

transverse section 

slightly beaded 

section 


Grains up to 57 /a, 

Grains 15 to 47 /a (or up 

Grains 9 to 45 /a 


the maj ority of 

to 51 /a), principally 

(most 20 to 


regular elliptical, 

of irregular shape 

40 /a) partly re- 


reniform, or bean- 

with rounded pro- 

sembling bean 


shaped, with long 

tuberances, together 

and partly pea 

c 3 

branching cleft 

with reniform and 

starch ; many 

00 

through the hilum 

bean-shaped grains, 
few being regularly 

show concentric 

s 

and very distinct 

striations, but 


striations 

elliptical ; many with- 
out a fissure through 
the hilum ; hilum and 
concentric striation 
visible 

not so distinct 
as bean starch ; 
many have no 
fissure, others 
a small un- 
branched fissure 
through the 
hilum 


Examination of the Powder. — ^Mount in water, and 
examine the starch grains. 
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Mount in chloral hydrate, warm, and run in glycerin. The 
cells of the cotyledons are distinguishable everywhere. The epi- 
dermis is often in flakes, exhibiting its surface view. The 
hypoderma is also easily found, and, like the epidermis, exhibits 
its surface view, the cells being easily identified. The sub- 
jacent parenchyma can also be detected, but it is not shown, 
very clearly. Here and there spiral vessels from the raphe 
may be found, but the tracheids from the neighbourhood of 
the hilum require dihgent searching before they can be 
detected. 

The structure of the pea may be taken as typical of 
leguminous seeds. These are characterised by the remarkable 
palisade epidermis, by the bearer cells, and by the group of 
tracheids near the hilum. Most of them also contain starch 
grains more or less closely resembling those of the pea or bean 
in general features. Leguminous flours are, therefore, easy 
of detection when mixed with cereal or other flours. Vogl i 
gives the foregoing useful table showing the chief points of 
distinction between the various leguminous flours. In order 
to facilitate comparison, illustrations of the structure of the 
lentil and haricot bean have been given. 

Almond 

Source. — ^The dried seed of Prunus Amygdalus, Stokes, 
var. dulcis, Baillon. 

The almond may be taken as a type of the oily seeds which 
are much used as foods. 

Ex amin ation of the Seed Coats. — Cut transverse sections of 
the seed coats and part of the cotyledon of a Valencia almond 
(without previous, soaking) and transfer them to alcohol ; 
mount one in glycerin and examine under the low power. 

Observe the epidermis of the seed coats ; it consists of 
a single layer of conspicuous, very large cells (giant cells) 
with brown, thickened walls interrupted here and there by 
rather smaller cells with thin colourless walls. Examine the 
giant cells carefully, using the high power when necessary. 
The cells vary much in size (up to lOO fj, wide and 170 /t high) ; 
many of them have arched outer walls, others are nearly 
rectangular ; the radial walls are pitted, especially towards 

^ Nahrungs- nnd Genussmittelj p. i66. 
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the base ; the inner tangential walls are 
These cells are very characteristic of 

they vary somewhat in size in the diffeien" vane ics. ^ cui 

. „ T, ■ u tor tannin, or small starch 

sionally brownish masses reacting 101 

grains, may be found in them. 

Below the epidermis is a layer of more ot tss co apstc 
parenchyma traversed by large fibrovascuLit :>unc ts. u st 
bundles are characterised by the prcscncx: of abundant, 
small, spiral vessels and crystals of calcium ox<i atc'. any 
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of the cell walls are brown, and the cells sometimes contain 
brownish masses, or calcium oxalate in cluster crystals or in 
groups of several single crystals. 

This tissue is also traversed by a single, tangential layer 
of small, narrow cells (about 5 wide, 15 /x long) constituting 
the inner epidermis of the seed coats. It is lioundcxl ])y a 
conspicuous layer of aleurone cells (innc;r epidftrmis of tlu^ 
endosperm), the tissue between the two t?pidermises Ixdng 
the remains of the endosperm. 

The cells of the aleurone layer are about 20 wide and 
30 /« high; they have rather thick, distinctly beaded walls 
and contain proteid matter and oil. 

y<'. 
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Examine a section in chloral hydrate. The inner epidermis 
of the seed coat becomes more distinct ; the walls of the 
aleurone cells swell. 

Surface Preparations. — ^Warm a small fragment of the seed 
coats in solution of chloral hydrate. Examine under the low 
power. The epidermal cells are polygonal in outline and the 
inner tangential walls are coarsely reticulated. 

Scrape the surface of a dry almond with the sharp edge of 
a glover’s needle. Moisten with alcohol the powder thus 
obtained and examine in solution of chloral hydrate. The 
g ian t ceUs of the epidermis are well seen. 

Separate the skin of an almond after soaking in hot water. 
Scrape off from the inner surface the aleurone layer and 
inner portions of the seed coat and mount in glycerin. The 
aleurone layer and the inner, epidermis of the seed coat can 
easily be seen and distinguished by the thickness of the cell wall. 

Examination of the Cotyledons. — Cut transverse sections. 
Defat them in ether-alcohol. Examine one in solution of 
chloral hydrate. The tissue consists of rather large (30 to 
60 /i), rounded or polygonal, thin-walled cells ; the epidermal 
cells are rectangular and much smaller. 

Examine the contents of the parench}nnatous cells very 
carefully. 

Transfer two or three of the thinnest sections to a slide ; 
add a small drop of a saturated, aqueous solution of picric acid ; 
after two or three minutes remove the excess of solution with 
filter paper ; add a small drop of glycerin and examine. The 
cells contain numerous small (3 to 5 /ti) aleurone grains, 
often accompanied by a single large one (xo to 13 /u) ; they 
are stained yellow. The large aleurone grain usually contains 
a small, granular rosette of calcium oxalate, often with a 
minnte but conspicuous central point. Smaller aleurone 
grains containing crystalloids may also, with careful search- 
ing, he found. The smallest of the grains contain minute 
globoids. 

Examine a section stained with picric acid in water or dilute 
glycerin. Irrigate gently with a 0-3 per cent, solution of 
caustic potash. The ground substance and crystalloids 
dissolve, but the calcium Oxalate and the globoids remain. 
The minute rosettes of calcium oxalate, with their distinct 
central points, are characteristic. 
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Examination of Almond Meal. — ^Almond meal is almond 
press-cake reduced to powder. It may be examined and 
identified as follows : 

(i) Moisten a little with alcohol, add solution of chloral 
hydrate, and examine after a few minutes. Fragments 
of the giant cells of the epidermis are conspicuous 
by their golden yellow colour and thickened, partly 



Fig. 130. — ^Almond. aL layer, aleurone layer in surface view ; cot., 
cotyledon, in transverse section ; in. ep., inner epidermis of 
seed coat ; al., large aleurone grain ; al.i, small aleurone grain. 
All X 240. al.ii, small aleurone grains ; cr., crystalloids ; glob., 
globoids. X 480 


pitted walls. Portions of the tissue of the cotyledons, 
recognisable by the thin walls of the cells, are easily 
found, as well as small groups of a few cells, or even 
parts of the cell walls only. Pieces of the aleurone 
layer in surface view are not difficult to find and 
identify by their thick walls. 

(ii) Moisten a little with alcohol, add glycerin, and examiine 
after an hour or two. The aleurone grains are dis- 
tinct; portions of the tissue of the cotyledons, with 
the cells packed with aleurone grains, may also be 
found. 

(hi) Moisten with alcohol, add picric acid and then glycerin. 
The small aleurone grains are abundant. Large 
grains may also be found as well as grains with 
crystalloids, but these are less numerous. 


16 * 
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(iv) Mount a little in dilute solution of potash. The char- 
acteristic calcium oxalate rosettes are abundant. 

The ground kernels are largely used as a food for diabetic 
patients. It may be conveniently examined by defatting 
it with ether followed by ether-alcohol. The residue obtained 
by pouring off the ether-alcohol solution may be treated as 
above (without diyung). As the seed coats are almost entirely 
absent, reliance must be placed on the characters of the aleurone 
grains and the parenchyma of the cotyledons. 


Walnut 

Source. — The seed of Juglans regia, Linn. 

Examination. — The dried (shelled) walnuts of commerce 



Fig. 13 1. — ^Walnut kernel, epidermis, in dilute glycerin, after wairming, 
ep.y epidermal cell; st., stoma, x 240. 


may be examined as directed for almonds. The chief distinctive 
features are : 

(a) The epidermis of the brown seed coat. This consists 
of thin-walled polygonal cells which, in transverse 
section, are radially elongated. It exhibits large, 
characteristic stomata, which are often considerably 
distorted; the epidermal cells contain transparent 
amorphous masses which slowly dissolve in water, 
yielding a solution which gives an intense blue-black 
precipitate with ferric chloride. 

(S) The contents of the cells of the cotyledons ; these con- 
sist of oil and very small rounded or oval aleurone grains 
containing minute globoids, but no calcium oxalate. 



PINE KERNEIS 


2 $% 


Pine Kernels 

SOttFCe.-— Tht' kernels of the l^mu^ Pin-ia. iinn , 

and P. Cemhm, I -inn, 

Examlfiatloo.— Tliey may be exjniint-d .■»> mduwt^'u r-T 
almonds, making, in addition, siirlia^ ti-n- of fho 
Tlie chief distinctive cliarai;ter^ ar?" . 

(ill The epidt^miis fd' the endris|vmi . th:- " .tc,' : 

large, thn;k-walle{i pMVg^mai sdh 



(b) The iiaitiiits of the celli> ol tlie e rni if a 
eiubryo. These cumist o! ml, te^geilirt witii jlrciHlm! 
aleiircnie grains, and numerous minute u. h gram** 
The stiireli grain> may be ttadily detetted b\ Jiii ml 
iodine, SiUiie <n tlie aleureaie grams 4:i>ntaiii a el 
and crvstalliud, (Uhers a single- gaTx'id, oth^r^ Ci 
numerous niiiiiite globoiib. 


Oil Cake 

The cake obtained by submitting seeds cent .,0100*: nxoi 
oil to strong pressure, in order to extract the 1:10.1 ter I'uit t 
the oil coiitained in them, is largely used as .atth;-rx 4 , .ind 
the deteriniiiation of the identity ^d pnnty oi the material 


SEEDS 


246 

employed is frequently a matter of importance. Occasionally 
the seeds are freed from their integuments before they are 
crushed and pressed, but more commonly this preliminary 
treatment is omitted. Sometimes the oil is removed from 
the crushed seed by means of a volatile solvent, and the 
residue, freed from the solvent, is pressed into cakes. 

Apart from the preliminary inspection of the cake, its 
colour, fracture, odour when mixed with water, &c., several 
methods have been proposed for the microscopical examina- 
tion of oil cake. The following (Collin and PerroCs method) 
is the most important : 

Disintegrate with the aid of a glass rod one or two 
grammes of the bulked cake and diffuse it through 100 c.c. 
of warm water contained in a small porcelain dish. Allow the 
fragments to deposit and pour off the supernatant liquid, 
collecting separately the last portions in which a little 
pulverulent matter remains suspended. Set this turbid liquid 
aside to deposit, and examine the sediment for fragments of 
the cotyledons and endosperm as well as for starch and 
aleiirone grains. The aleurone grains may also be examined 
in a little of the fine powder sifted from the crushed cake. 

To the contents of the dish add 80 c.c. of water and a few 
drops of a concentrated (25 per cent.) solution of potassium 
hydroxide. Boil for ten minutes and note the colour of the 
supernatant hquid, as well as of the deposit. Wash the deposit 
several times with distilled water, allowing it to settle for 
ten minutes each time, or using a centrifuge. When the 
washings are colourless pour off the liquid, leaving in the dish, 
a depth of about 0*5 to r cm. Holding the dish in the hollow 
of the hand, impart to it a rotary motion, so as to separate 
the elements present according to their specific gravity. 
Incline the dish now at an angle of about 45 in order to expose 
the elements at the bottom of the dish. Remove portions 
of the various layers in the dish, with a brush and transfer 
them to watch-glasses standing on white paper. Examine first 
the fragments from the bottom layer. The colour is not 
entirely to be relied upon as a guide, as the seed coats of the 
same seed may vary considerably. From large particles 
transverse sections may be made. Others may be disintegrated 
by means of dissecting needles or a scalpel. In case of doubt 

^ Les Residues Industriels, Paris, 1904. 
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further pulverisation, by means of powdered glass >i „ . 

should be resorted to. 

Next examine the fragments from the -Tc\,^h 

layer, which, contains ciiietly colourless intej.ruiiit uts | 
fragments of the cotyledons. These ma¥ with a little xyyr 
be distinguished from one another fay the naketi 1 \ \ 
former occur as menxfaranous plates, the latter as yoVA 

The deposit obtained after boiling with dilute' alk.,.!: ni..v 
also be bleached by solution of chlorinated scda. w.ir!i-a! ja’l 
stained, if necessary, by any appropriate mctin>d .>rv p 

Identification of a Powder as that of a Seed 

Among the characters that distinguish pjwdned 
from other powders, the aleurone grains occupy a n ^ : 

great importance. These grains are found in ript^ seeds enlp, 
and, if founds point definitely to the pre^nce of a seed. Large 
and well-developed aleurone grains are comparatively c t 
detect and examine, but that is by no means the case with th 
of very small size. 

The presence of much reserve starch, fixed oil or !..t 
indicates a seed powder, and the same may sau! vi n 
cellulose, which generally occurs in the form ■: 
thickened walls of the endosperm. 

Notable quantities of vascular tissue are iiMialli i! tl 
only vessels found in seed powders being those deni t^d fr 'ri 
raphe, and these are commonly very small. SclerciiLlnTi o 
fibres (bast fibres) are also absent, and the |K)wder -h -'I i : 
free from chlorophyll, from epidermis wfitli stomata, tr r: 
cork tissue. 
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FRUITS 

INTRODUCTION 

Fruit is the term applied by botanists to the whole product 
of the development of the gynoeceum as a result of fertilisation. 
Sometimes other parts of the flower in addition to the gynoe- 
ceum participate in the production of the fruit, which is then 
termed spurious. 

In dealing, therefore, with the anatomy of the fruits, it is 
evident that, in addition to such tissues as form the seed coats 
and kernel of the seed, the structure of the tissues that have 
been developed from the carpellary walls of the ovary must be 
studied, and also, if the fruit examined be a spurious one, the 
structure of the tissues that are derived from such other parts of 
the flower as combine to produce the organ under examination. 

The seeds that are developed in dehiscent fruits have, as a 
rule, to remain for some time exposed to the inclemencies of 
the weather, and in such seeds it is natural to expect a con- 
siderable development of the seed coats into more or less 
resistent, protective coverings. The seeds described in the 
preceding section were seeds of dehiscent fruits, and, as a general 
rule, it will be found desirable to remove the seeds of such 
fruits from the pericarp and examine each organ separately. But 
the seeds contained in indehiscent fruits usually rely, more or 
less completely, upon the protection afforded to them by the 
tissues of the enveloping pericarp, and in such cases it is fre- 
quently found that the seed coats are reduced to a very narrow 
layer composed of but few rows of cells, which have often so 
completely collapsed as to render their structure difficult of 
examination. Pepper and cubebs, the umbelliferous fruits, 
and many others furnish examples of this. So also do the 
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graminaceous fruits, which, from the large extent to which 
they serve as foodstuffs, are especially important. Among 
the latter barley may particularly be noticed, inasmuch as, in 
addition to the pericarp and seed coats, the tissues of the 
paleae, wliich remain permanently attached to the pericarp 
and hence form part of the so-called fruit, have to be considered ; 
indeed, as far as its structure is concerned, this fruit is one 
of the most complex with which the histologist has to deal. 

The great diversity in structure exhibited by the official 
fruits results in the presentation of a number of diagnostic 
characters that may be utihsed in the identification of the drug 
or its powder, but it also brings with it the absence of any 
general structural plan such as is observed in leaves, stems, 
and barks. 

The epidermis is in most cases well preserved, and the form 
and disposition of its cells may be useful. Stomata are gene- 
rally recognisable, though they have often undergone consider- 
able change. Like the leaves, the epidermis of the pericarp 
may bear hairs, which then offer valuable diagnostic features. 

The tissue subjacent to the epidermis is, in many cases, a 
parenchyma traversed by fibrovascular bundles, and comparable 
with the mesophyll of the leaf. In this tissue, sclerenchjmatous 
cells or groups of cells are often to be found (pepper, pimento, 
cubeb). In such cases the characters of these cells must be 
accurately determined. Oil cells (pepper, cubeb), oil glands 
(pimento), oil ducts (most xunbelliferous fruits), lactiferous 
vessels (poppy capsules)— in short, secretory tissue of various 
kinds— may be present, all of which are of high importance. 
Calcium oxalate, starch, and other cell contents contribute 
their share to the characteristics of the drug. 

On the inside, the pericarp is bounded by an epidermis which, 
like the outer epidermis, may present particular features. 

Diagnostic characters of fruits may be sought for iii the 
following points (in addition, of course, to those furnished 
by the seed, which have been dealt with in the preceding 

(a) The outer epidermis, more particularly the hairs, if 

present. 

(b) The sclerenchymatous tissue in the subjacent paren- 

chyma ; the shape of the cells, their size, character of 

the pits, &c. 
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(c) The presence and character of secretory tissue of any 
kind. 

{d) The cell contents, more particularly calcium oxalate and 
starch. 

{e) The characters of the inner epidermis. 

Cardamom Fruit 

Source. — The fruit of Elettaria Cardamomum, Maton. 

Examination of the Seeds 

Preparation. — Separate from Mysore Cardamom fruits some 
seeds that are full grown and nearly, but not quite, ripe ; 

these may be recognised by their 
colour, which is not quite so dark 
as that of the ripe seeds. The 


int. 
per. 

end. 
raphe. 

I n 

Fig. 133. — Cardamom Fruit. I, longitudinal section of seed ; 

II, transverse section of the same ; emh.^ embryo ; end.^ endo- 
sperm; w/., integuments; perisperm; radicle, x 14. 

structure of unripe seeds is similar to that of ripe, but the 
seeds are easier to cut before they are quite ripe. 

Soak them in water for several days ; should they become 
too soft, harden them a little in spirit. 

After soaking in water a semi-transparent membranous coat, 
which was previously scarcely to be detected, becomes visible ; 
this is the arillus. It is attached to the micropylar extremity 
of the seed. 

Remove the arillus, and cut the seed longitudinally in half. 
Examine with a lens, and observe in the centre the small 
elongated-oval embryo, surrounded by a scanty, yellowish 
endosperm, which is itself enclosed in a more abundant whitish 
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perisperm, the whole being surrounded by a dark narrow seed 
coat. Cut another seed transversely, and identify the same 
parts in transverse section. 

Arillus. — Soak a seed for a few minutes in water, and strip 
the arillus from it ; mount and examine in water or dilute 
glycerin. It is composed of several layers of narrow elongated 
cells, with delicate walls, which are often not very easy to see ; 
they contain minute globules of oil and occasional small 
rosettes of calcium oxalate. 

Sections of Seed Coats. — ^Fix a seed in pith (or cork) 
and cut transverse sections ; examine in water or dilute 
glycerin. 

All the cells of the perisperm are filled with dense granular 
masses of starch, while those of the endosperm and embryo 
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Fig. 134. — Cardamom Fruit. AriUus of seed, x 200. (The cell 
contents are not shown.) 

contain hyahne substances ; these tissues and their contents will 
be subsequently more closely examined. 

Mount another section in solution of potash ; warm gently 
until the starch is gelatinised, but do not boil. 

The outermost layer of cells is the epidermis of the seed 
coat. The cells appear small and nearly quadratic in section. 
In the depressions of the seed they are larger than they are 
in the elevated parts. 

Examine in glycerin a section not previously warmed with 
potash. The cells are thickened on the outer and inner walls ; 
it is evident, on comparison, that warming with potash has 
made them swell. 

Next to the epidermis observe, in the potash preparation, 
very flat collapsed cells, often coloured brown by the action of 
the alkali (fig. 135, ; these separate the epidermis from a 

single row of large rectangular cells with thin strongly refractive 
walls. The brown cells are often rather difficult to detect, but 
they may generally be found by carefully examining the line 
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^35 - — Cardamom Fruit, transverse section of seed, ar., arillus ; 
end., endosperm, enclosing the embryo ; ep., epidermis * in * 
inner integument; oil, oil cells with globules of oil ; outer 
integument; p^, subepidermal parenchyma. (After Tschirch 
and Oesterle.) 


can be seen in them, especially if the sections are thin. Its 
presence can, however, be easily demonstrated (see below). 

Following upon the oil cells is a confused narrow layer of 
tissue which may be shown by the examination of earlier stages 
of development to be the remains of a single or double layer of 
cells, but its structure cannot always be distinguished in a 
transverse section. This is the fourth layer. 

Next to the collapsed layer is a very conspicuous single row 


that separates the rectangular cells from the epidermis. They 
constitute the second layer of the seed coat. 

The large rectangular cells just referred to constitute the third 
layer. They contain volatile oil, but it is not often that the oil 
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of brown or yellowish-brown cells. They are rectangular, 
radially elongated, and about 40 ytt long and 20 ji wide. The 
radial and inner tangential walls are so strongly thickened that 
the lumen is small and funnel-shaped, the mouth of the funnel 
being directed outwards. The walls are faintly striated. 
This, the fifth layer, is the inner integument of the seed. 

Within the inner integument is the perisperm, in the cells 
of which the calcium oxalate crystals are now distinctly visible ; 
sometimes there is only one crystal in each cell, sometimes 
there are three or four. 

Take another section and boU very gently in solution of 
potash for a few seconds. Examine the sclerenchymatous 
cells of the inner integument, and observe in the lumen of each 
cell, nearly filling it, a small rounded or subconical body with a 
granular surface. These have been carefully examined and 
tested in various ways ; they appear to be nodules of silica. 

Warm another section in chloral hydrate, cool, and examine ; 
the calcium oxalate crystals in the cells of the perisperm are 
very distinct. 

Surface Preparations of Seed Coats. — Prepare surface 
sections from a seed ; the sections are apt to be difficult of inter- 
pretation, owing to the rugose surface of the seed. Examine 
them in succession, mounting in chloral hydrate, and paying, as 
usual, particular attention to the order in which the various 
layers of cells are arranged. Care must be taken to keep the 
outer surface uppermost. 

The epidermis is easily identified by its very long, narrow 
cells ; the width of the cells should correspond to the 
width of the epidermal cells as seen in the transverse section. 
The oil cells (third layer) are conspicuous by reason of their 
large size and thin, highly refractive walls, but the cells of 
layer, which lies between the epidermis and the oil cells, 
are inconspicuous. They can, however, with care also be 
distinguished; their long axes cross the long axes of the 
epidermal cells at right angles. 

The layer of coUapsed cells which follows next is very 
difficult to distinguish in surface preparations, but the scler- 
enchymatous cells are, again, easy of observation by reason 
of their colour, which varies from brownish-yellow to dark 
brown according to the degree of ripeness of the seed. In 
surface view the cells are small (about 15 to 25 A^), polygonal, 
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and exliibit small cavities; their appearance, therefore, is quite 
different from that exhibited by the transverse section. 

Within the sclerenchymatous layer the thin- walled cells of 
the perisperm, crowded with minute starch grains, occur. 

Maceration Preparations of Seed Coats. — Prepare next 
maceration preparations of seed coats. 

Digest a few seeds for an hour in a water-bath with 5 per 
cent, solution of potash ; wash with distilled water ; tease out, 

and break up the seed coats, as 
thoroughly as possible. 

The epidermis is generally 
easily found (fig. 137, ep.) ; it 
occurs mostly in flakes, but 
some of the cells will pro- 
bably have separated from one 
another. Here and there deli- 
cate thin-walled cells can be 
seen ; they are much shorter, 
but as wide as or rather wider 
than the epidermal cells, which 
they cross at right angles. 
These are the cells of the second 
layer, and it is in this prepara- 
tion that they can best be seen 
(fig. 1.^7, far.^. 

The oil cells are very con- 
spicuous ; they are large thin- 
walled cells of rectangiilar 
shape, without intercellular spaces ; each one contains a large 
globule of oil. 

The fourth layer, which follows upon the oil cells, is with 
difficulty to he found in the potash preparation. 

The sclerenchymatous layer is very much darkened in colour 
by the action of the alkali, so that this layer from ripe seeds 
is almost black, and shows little or no structure ; from unripe 
seeds it is reddish-brown, and the nodules of silica can he seen 
if the hght is sufficiently powerful. The fourth layer often 
adheres to the sclerenchyma, and can best be found byseparating 
the fra^ents of the latter and breaking them up as completely 
as possible. The cells of which the layer consists are rounded 
or polygonal, nearly isodiametric, and have thin delicate walls. 
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Sections of the Kernel. — Having now thoroughly examined 
the seed coats, the student may proceed to the kernel, which 
consists of perisperm, endosperm and embryo. 

Cut a few transverse sections and examine in water. 

The cells of the perisperm are packed with minute starch 
grains ; in the centre of each cell there is a cavity in which one 




Fig. 137. — Cardamom Fruit, elements of the seed, ep., epidermis ; 
par.i, subjacent parenchyma ; oi/, oil cells ; isolated by macera- 
tion with potash. x 240. 

or more minute crystals of calcium, oxalate may be seen. 
Examine the starch grains ; they are very small (i to 3 
rounded or angular, and often translucent in the centre. 

Next mount one or two sections in chloral hydrate, warm 
until the starch is gelatinised, cool, add a drop of glycerin, and 
examine. 

The walls of the cells can be distinctly seen ; they are thin 
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and often wavy ; the calcmm oxalate crystals are now very 
distinct. 

The endosperm and embryo are best examined as follows : 
Mount a transverse section of the seed in chloral iodine ; 
observe that the starch contained in the cells of the perisperm 
stains blue, but the contents of the endosperm assume a 
distinct yellow colour, those of the embryo being less 
deeply coloured. 

Mount another section in chlorzinciodine ; the very deli- 
cate cell walls of the endosperm can be seen, if carefully 
examined. 

Mount another section in water or chloral hydrate ; oily 
globules exude from the cells of the embryo. If water is ased 
the globules may be stained in the usual way. 

Mount a defatted section in picric acid, as directed formustard 
seed ; observe the cells of the embryo ; they are small, and filled 
with small aleurone grains, which stain with picric acid ; the 
cell contents of the endosperm also stain. 

The student will have now thoroughly examined all parts of 
the seed, and may proceed to identify them in the powder. 

Examination of Powdered Seeds 

(1) Mount a little powder in water or dilute glycerin, as 
usual, and examine. Very conspicuous are the perisperm cells 
packed with starch grains, and containing calcmm oxalate 
crystals (better seen after gelatinisation of the starch) . Irrigate 
with dilute solution of iodine ; the starch turns blue. 

(2) Mount a little in chloral iodine ; the starch in the cells 
of the perisperm assumes a blue colour, but the cells of the 
endosperm and embryo are coloured yellow. 

(3) Mount a fresh portion in saturated solution of picric 
acid, as directed formustard seed; the fragments of endosperm 
and embryo are stained deep yellow ; they may be made 
more conspicuous by warming until the starch in the cells of 
the perisperm is gelatinised. With care, the cell walls can be 
detected, especially after the addition of a little glycerin. 

(4) Mount a little of the powder in Fehling's solution, heat 
to boiling, and cool ; the fragments of endosperm are coloured 
violet (Meyer). 

(5) Mount a little in chloral hydrate, as usual, warm until 
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the liquid toils, cool, and examine. In this prepara ti n t ' r 
can be found without difficulty — 

(fl) Pieces of the E-pidermis ; the epidermal cells are e.ij;;v 
recognised by their moderately thick, straight <1 




si., nodiile of silica, x 240, 


slightly curved walls, and more or less pointed tndb. 
They are often crossed at right angles by the cells oi 
the second la 3 'er ; the latter are shorter and have 
thinner walls, but are of about the same width. 

(i) Fragments of the Sclerenchymatous Layer ; these are 
very conspicuous by reason of their colour, whi<.h 
varies from yellowish in unrifje to dark reddish-brown 
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in ripe seeds. The surface, viewed from above, exhibits 
rather large cell cavities, in many of which the nodule 
of silica can be seen, the dark colour beneath the 
nodule being due to the thickened and coloured walls 
of the cell (compare fig. 138). Viewed from below, 
the polygonal outlines of the cells are distinct, and 
the cavities small. 

(c) Portions of the Perisperm ; the cells are readily identified 
by their size, by their moderately thick, pitted walls, 
and by the crystals of calcium oxalate which they 
contain. 

Less easily formd and identified are : 

{d) The narrow, elongated, thin-walled cells of the arillus. 

(e) Portions of the endosperm and embryo ; the cells have 
thin walls, not pitted, and do not contain calcium 
oxalate crystals. 

(/) Debris of the oil cells-, these are mostly broken, and 
free from oil. 


Examination of Pericarp 

Sections.— Proceed next to the examination of the pericarp. 

Separate some pericarps from the seeds, and soften them by 

exposing them to a moist 
atmosphere for twelve 
\ hours. Cut transverse sec- 

II ^ tions, place them for a 

^ )h-^( moment in alcohol, trans- 

water, and finally 
mount in dilute glycerin. 

The section consists of 
OT parenchymatous tissue 

11 traversed by numerous 

fibrovascular bundles ; it 
is bounded on the outer 

Fig. 139. — Cardamom Fruit. Calcium oxa- side by an epidermis COn- 
late crystals in the parenchymatous cells sisting of small flattened 
of the pericarp, x 240. 3*^^ 

by an epidermis, the cells of which are often so collapsed 

as to show little structure. The cells of the parenchyma 
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are large, aad have thin walls; most of them are envtv r, , 
nd there irregular sphere crystalline masses of calcium oxa'a*.^ 



outer 


ep. 

Fig. 140. — Caxdamom Fruit. Stracture of tlie pericarp. A , 
transvexse section, with projecting carpellary wall, showing two 
fibrovascular bundles with supporting sclerenchj'matous titsuf : 
B, outer epidermis of pericarp, surface vitw ; C, longitudinal 
section of bundle. (TscMrch and Qesterle.) 


can be detected ; they are rather irregular in distribution, and 
are best seen in sections taken from the inner surface ; under 
the polarisei they are easily detected. This tissue also contains 
scattered, rounded or oval cells, filled with a yellow or brownish 
resin. 


17 
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The fibrovascular bundles consist of a few small spiral 
vessels and a scanty bast, protected (or surrounded) by an 
abundant crescent (or circle) of sclerench3nnatous tissue. The 
elements of the latter have large cavities and moderately thick 
walls. 

Maceration Preparations. — Macerate some fragments of the 
pericarp in potassium chlorate and nitric acid ; wash, and tease 



Fig. 1 41. — Cardamom Fruit. Sclerenchymatous cells and resin cell 
from the pericarp, x 240. 

out the sclerenchymatous cells and fibres. They vary consider- 
ably in length, in diameter, and in shape. They range from 
10 to 1,000 in length, but average about 600 iju in length 
and 30 iM in width. The ends are rounded or blunt, not 
sharply pointed, and the walls are not very thick. They 
often have a wavy outline, due to the pressure of neighbouring 
cells. The pits appear, after treatment with the oxidising 
mixture, to be slits arranged in a left ascending spiral. 
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Examination of Powdered Fruit 

The following examination should reveal the tissues and 
cell contents of the pericarp, in addition to those derived (t-ta 
the seed : ~ ^ 

(a) In water or dilute glycerin large, empty. tbir.-vwi;,'.i 
paten chymB. tons cells, with an occusiona! lelJ t:r I 



Fig. 142. — CaLTdamom Fruit, fragments from the |x>wderei! pcricarr'-* 
par,f parenchymatous tissue; scl.^ sclerenchymatous hbre;*, 
X 240. 


with yellow or brown resin ; groups of iigiiihed cells 
and fibres, which may "be distinguished from epideiuMl 
cells by the lignification of the walls and by the con- 
spicuoiis pits. 
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(6) In chloral hydrate the fibres are well seen, and the 
radiating groups of calcium oxalate crystals, charac- 
teristic of the pericarp, may also be found. 

(c) Macerate 0-5 gramme of the powdered fruit with 5 c.c. 
of water, 10 c.c. of nitric acid, and i gramme of potas- 
sium chlorate in a water-bath, until chlorine is evolved 
and the powder bleached; the starch and other cell 
contents should be entirely destroyed, the cellulose 
partly so, but the sclerenchymatous tissue should not 
be vigorously attacked. Separate the cell debris by 
a centrifuge, wash, and examine in water. Particu- 
larly distinct in this preparation are the nodules of 
sihca from the inner integument of the seed. They 
appear as small, oval or rounded masses with a granu- 
lar surface. The inner integument itself is also well 
seen, as the colour is partly discharged and the nodules 
of silica are very conspicuous. The fibres from the 
pericarp are very distinct, and often show spiral dis- 
integration. 


Colocynth Fruit 

Source. — The fruit of Citrullus C<Acynthis, Schrader. The 
fruits, which are more or less completely freed from the 
outer rind, may be divided into the following parts for 
examination ; 

{a) The rind. (6) The pulp. (c) The seed. 

Examination of the Rind 

Cut from a colocynth fruit one or two of the fragments of 
rind that are often left adhering to it. Expose them to a moist 
atmosphere for a few hours, and cut transverse sections ; 
allow these to remain in alcohol as long as possible. Mount one 
in dilute glycerin, or in chloral hydrate. The section shows an 
epidermis consisting of a single row of radially elongated cells. 
These cells are about 15 /x. wide and 20 to 25 /x high ; the radial 
walls are strongly but not uniformly thickened, being thickest 
near the middle, tapering slightly towards the outside, but 
abruptly narrowing towards the inside. The outer tangential 


COLOCYNTH 


263 


wall is cuticularised, and so are the radial walls, with the 
exception in each case of an inner layer of cellulose hning the 
cell. In surface sections the cells are polygonal, small, and 
rather thick-walled. Scattered over the surface of the fruit 
are large depressed stomata surrounded by thin-walied 
cells ; the stomata may also be obseiwed in transverse 
sections. 

Following upon the epidermis is a layer about 150 wide. 




Fig. 143.— Colocynth Fruit. I, transverse section of outer portion 
of rind; ep,, epidermis; par., subjacent parenchyma, ii, 
epidermis in surface view. Ill, transverse section of scleren- 
cli5mLa lying below the parenchymatous layer, x 240, 

consisting of some fifteen rows of thin-walled, tangentially 
elongated, parenchymatous cells with pitted wralls. 

Next to this is a layer of about the same thickness, consist- 
ing of several rows of sclerenchymatous cells. The cells near the 
outside are about 15 to 30 in diameter, rounded or radmhy 
elongated, nearly isodiametric, and provided with very thick 
pitted walls. Towards the interior of the layer the cells are 
larger (25 to 60 m in length), radially elongated, and possess 
thinner walls. 

This sclerenchymatous tissue passes rapidly mto the p^en- 
chymatous tissue of the pulp, which should be next exammed. 
From this it is separated in older fruits by a few" layers of cork 
cells. 
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Examination of the Pttip 

Take a portion of the dry pulp, cut sections from it, and 
transfer them to alcohol. Mount in water, and stain if neces- 
sary with a dilute aqueous solution of Bismarck brown so as to 
render the thin transparent ceU walls more easily visible. The 



Fig. 144. — Colocynth Fruit, section of the dry pulp, x 65. 

section exhibits very large, thin-walled, more or less rounded, 
parenchymatous cells, with large intercellular spaces. The 
areas of contact are flattened and pitted, often showing in con- 
sequence a beaded appearance when cut transversely. The 
walls are mostly cellulose ; here and there a little hgnification 
can be detected. 

This tissue is traversed by fibrovascular bundles contain- 
ing tubular idioblasts, in which the colocynthin is secreted, but 
for present purposes these may be neglected. 

Examination of the Seed 

Preparation and Examination of Sections. — Select some 
ripe (dark-coloured) seeds, and soak them for several days in 
water. Spht one parallel to the fiat surface, and embed one of 
the halves in cork. Cut transverse sections. 

Examine one in glycerin. The epidermis consists of 
radially elongated cells about 6 o yu, long and 20 wide. The 
outer tangential waUs appear to be very thick, but a close 
inspection shows that the cell walls are covered by a transparent 
homogeneous membrane. This, according to Hartwich,^ is 

' Arohiv d. Pharmacie^ ccxx. 584. 
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the inner epidermis of the pulp of the fruit, the cells of which 
coUapse and become adherent to the seed. The radial walls of 
the epidermal cells exhibit in section 
a number (about ten or twelve) of 
longitudinal bars of thickened wall 
which alternate with as many strips 
of unthickened wall, the bars tapering 
from base to apex (fig. 145, ep.). 

Hence in surface view these cells 
appear conspicuously beaded. The 
contents of the epidermal cells of ripe 
seeds are brown, and yield the tannin 
reaction with ferric salts ; to them 
the brown colour of ripe^seeds is due. 

In unripe seeds the epidermal cells 
are destitute of this brown substance, 
and in very young seeds they are 
often collapsed, expanding only when 
treated with strong solution of 
potash. 

Following immediately upon the 
epidermis is a mass, about 350 /x 
thick, of sclerenchymatous cells with 
very thick, yellowish, striated w’^alls 
(fig. 145, scl.) . These cells are small 
(about 10 /X in diameter) near the 
epidermis, but increase in size to- 
wards the interior (50 to 70 fi) ; the 
walls also increase in thickness until 
the inner cells are almost completely 
filled and the cavity can with diflS.- 
culty be distinguished. These inner 
cells do not appear well defined, as 
they are often irregular in shape. 

The innermost layer is rather sharply 
distinguished from the others, except 
in the acute angles of the seed, where 
all the cells assume an elongated 

shape with sinuous or jagged walls (see later, isolation by 
potassium chlorate and nitric acid). 

Next to the sclerenchymatous layer is a single layer of 





pan 


Fig. 145. — Colocynth Fruit, 
transverse section of part of 
seed coats, ep.^ epidermis 
with outer hyaline layer ; 
scJ., sclerenchymatous tissue; 
scl.% innermost layer of 
same ; rei.^ reticulated cells ; 
par.^ parenchjmia. x 240, 
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reticulated cells about 90 long and 60 wide, but varying 
considerably (fig. 145, ret.). They often exhibit dome-shaped 
projections towards the interior of the seed. The reticulations 
are lignified. This layer of reticulated cells is followed by a 
layer of thin-walled parenchyma (fig. 145, far), through which 
runs the raphe, which is easily seen as a fibrovascular bundle 
of considerable size near the acute edge of the seed. 

Next to the parenchyma is a layer of collapsed cells, in 
which little structure can be discerned, separated from the 
embryo by a single layer of distinct flattened cells about 15 to 
20 /X long (fig. 146, 4 ). These latter are probably the inner 
epidermis of the endosperm, the remainder of which has col- 
lapsed to form the tissue referred to. Although but little 
structure can be discerned in the transverse section, surface 
preparations will yield useful information concerning this 
layer. 

Proceed next to isolate and examine the tissues of which 
the seed coats consist. 

Separation of the Component Tissues. — Split some seeds 
longitudinally, remove the kernels, and digest the seed coats 
in 5 per cent, solution of potash in a water-bath. 

Dissect off the epidermis. The alkali swells the outer 
thickened walls (or collapsed layer of cells) of the palisade 
epidermis, but the cells can be isolated and the shape well seen. 

Dissect or tease off the inner layers ; four distinct layers of 
cells can be distinguished : 

(i) Long, narrow, thin-walled cells, without intercellular 

spaces (fig. 146, 2 ). 

(ii) Large, thin-walled, parenchymatous cells with very 

small intercellular spaces (fig. 146, 3 ) ; the walls of the 
cells appear beaded in optical section and spirally 
striated in surface view. They often adhere so closely 
to the preceding layer as to make it appear that the 
cells of that layer are striated. 

(iii) Rounded cells (fig. 146, 7 ) ; these generally adhere to 

layers 2 and 3 , and are with difficulty visible. 

(iv) Delicate, nearly isodiametric cells, each containing a 

globule of oil (fig. 146, 4 ). This tissue is probably the 
epidermis of the remains of the endosperm. 

The treatment with potash, while permitting the separation 
of the softer tissues, is insufficient to separate the lignified cells 
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of the sclerenchymatous layer. To effect this, macerate the 
seed coats with ootassinm r>ilAT-o+^ 





o(?o5 





Fig. 146. — Colocynth Fruit, elements of the seed coats, ep.y epider- 
mis in section and surface view ; ret.y reticulated ceils within 
the sclerenchymatous layer, some of the elements of which are 
shown in figs. 145 and 147 ; Aj section of margin of cotyledon, 
with tissues between this and the reticulated cells ; col., cotyle- 
don ; par.f parenchyma abutting on the reticulated cells ; 1,2,3, 
more or less collapsed layers ; 4, inner epidermis of remains of 
endosperm ; 5, epidermis of cotyledon, i, 2, 3, and 4 are also 
shown in surface view, the last-named with and without oily 
contents, x 240. 

tease out. A most varied assortment of sclerenchymatous cells 
will be found. Some are small, regular, and nearly isodia- 
metric ; they are derived from the outer portion of the layer ; 
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other larger and less regular cells are derived from the inner 
layers, while the innermost row of all consists of very thick- 
walled cells with sinuate outline from which forked projections 






Fig, 147* — Colocynth. Fruit, sclerenctiymatous cells of seed coat ; 
Isolated by potassium chlorate and nitric acid. i. ep.y inner 
epidermis of outer integument, x 240. 


stand out, which dovetail with corresponding indentations in 
the walls of neighbouring cells. There are also long narrow cells 
with irregular jagged walls ; these are derived from near the 
micropyle, and from the inner layers near the acute edge of the 
seed. 
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Next examine the kernel of the seed 

Embed It in pith, and cut several transverse sectionru-hich 
should he transferred to a smaU corked tube containing ether 
or ether-alcohol. After maceration for fifteen to thirtv minutes 
pour ofi the ether and transfer the sections, with thc^ aid of a 
little alcohol, to a dish. 

Mount a thin one in picric acid solution. The ceUs are 
Med with very small aleurone grains, each cell containing 
twenty or more. The grains are ovoid or nearly rounded and 
average from 3 to 5 /r in diameter, although they attain as much 
as 7 /ti. Each contains a small rounded body which does not 
stain with picric acid and resembles a globoid. Irrigate with 
dilute (0-3 per cent.) solution of potash ; the grains dissolve 
rapidly and entirely, leaving no trace of the globoid body. The 
cells now exhibit their shape well. On the upper side they are 
radially elongated and resemble palisade tissue ; on the lower 
they are more nearly isodiametric. They are cowred by an 
epidermis composed of small delicate thin-walled cells. 

Mount a section (not previously defatted) in chloral hydrate ; 
oil globules exude in abundance. 

Mount a defatted section in iodine water or dilute iodo- 
potassium iodide ; there is no starch present, at least in ripe 
seeds. 

No calcium oxalate can be found, either in the seed coats or 
in the kernel. 

Most of the seeds that are present in the commercial drug 
are unripe ; the student should, therefore, also cut sections of 
unripe seeds, and compare them with the ripe. The following 
differences may be observed : 

The epidermis of the seed coat is less developed ; the bar- 
like thickenings have often not formed ; sometimes even the 
epidermal cells are indistinct ; the sclerench\Tnatous cells 
are much less thickened. A study of the seed coats of unripe 
seeds contributes materially to the proper understanding of that 
of the ripe seeds. 

Diagnostic Characters. — The following cells and cell contents 
are the most important from a diagnostic point of view : 

I. The large, thin-walled cells of the pulp ; powdered colo- 
C3mth pulp should consist principally of fragments of these ; 
they stain blue with chlorzinciodine. 
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2. The epidermis of the pericaxp ; this, if present to any 
appreciable extent in powdered colocynth, would indicate the 
use of unpeeled or badly peeled fruits. 

3. The palisade epidermis of the seed coat, with its character- 
istic thickenmgs ; the fact that these thickenings do not 
branch towards the apex of the cell distinguishes this seed 
from certain other cucurbitaceous seeds. 

4. The sclerench3ma of the seed coat, especially the cells of 
the innermost layer. 

5. The spirally striated cells ; most cucurbitaceous seeds 
contain these. 

Additional means of determining the presence of seed in the 
powdered drug may be found in 

6. The aleurone grains. 

7. The presence of oil. 

Neither pericarp nor seed contains either starch or calcium 
oxalate. 

Examination of the Powder 

Proceed next to the examination of the powdered fruit, 
taking care to obtain powdered fruit and not pulp. 

Moisten a little with alcohol, add water, and examine. Ob- 
serve in this preparation abundant debris of parench}matous 
tissue evidently consisting of very large cells. Sometimes these 
fragments exhibit pitted areas or transverse walls, but such are 
not very readily seen. There is also a quantity of granular 
matter present and yellowish masses which do not readily show 
their structure ; they are fragments of sclerenchymatous tissue, 
but they are better examined in another medium. Allow 
chlorzinciodine to flow on ; the colourless fragments of paren- 
chyma turn bluish violet. 

Moisten another portion with alcohol, allow this to become 
nearly dry, and add a very small drop of picric acid solution ; 
mix weU, and after a minute or two add a drop of glycerin ; 
mix, and examine. The small oval aleurone grains can be 
easily found ; they are present in numbers, and are readily 
detected by their yellow colour. The small rounded globoid (?) 
appears faintly orange-red in colour. Carefully examine this 
slide for fragments of the cotyledons. These may be detected 
by the now yellow aleurone grains with which the cells are 
packed ; they are not, however, very readily observed. 
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Warm another portion m chloral hydrate. The sclerenchy- 
matous tissue is conspicuous ; it generally has a yellow colour. 
It is present as isolated cells, or groups of cells, or as transverse 



Fig. i48.-From Powdered Coloc:^% a. 

f, sclerenciyina of nearly ripe seed, x 240- 

framnents of the seed coats extending from the epidemm to 
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walls and especially differ in the innermost layer ; they are 
derived from unripe seed, and are commonly more numerous 
than those derived from ripe seed. These fragments are not 
very readily distinguished from the sclerenchyma of the rind, 
but the cells of the latter usually exhibit distinct radial elonga- 
tion and are more angular and comparatively thin-walled. 
Some of the sclerenchymatous cells are long and narrow, with 
jagged edges ; these come from the acute edge of the seed. 

The delicate striated cells from the collapsed layers are very 
readily found ; they generally occur in fragments of consider- 
able size exhibiting their surfaces (fig. 148, a). 

The epidermis of the seed coat may also be found ; the cells 
are often in profile, but sometimes in surface view ; although 
the outer wall is more or less swollen, the bar- thickenings are 
always conspicuous and are very characteristic. 

The epidermis of the fruit may sometimes be detected ; it 
is easily recognised, especially when exhibiting its transverse 
section, but should be present only in very small quantity. 

Stain another portion with phloroglucin and hydrochloric 
acid ; the sclerench5nnatous cells are coloured deep red. 

Examine next the powdered pulp of commerce. Here, too, 
fragments of the tissue of the seed may be found, but they 
should not be so numerous as to raise suspicion of adulteration. 

Mount a little in iodine water or chloral iodine to prove the 
absence of any but occasional, very minute, isolated starch 
grains (derived from very young seeds). 

Capsicum Fruit (Chillies) 

Source. — The fruit of Capsicum minimum, Roxb. 

Preparation. — Capsicum fruit should be divided, for com- 
plete examination, into the following parts, each of which 
should be examined separately : 

(a) Pericarp ; [d) Calyx ; 

(J) Dissepiment ; {e) Stalk. 

(c) Seed ; 

Examination 

(a) Pericarp.— Select a few good Zanzibar or Sierra Leone 
chillies, and soften them by exposing them to a moist 
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atmosphere for twelve hours. Carefully separate the pericarp, 
cut into suitable strips, embed in pith, and cut transetr^e 
sections. Examine in chloral hydrate. 

Observe the outer epidermis. The outer tangential walls 
are much thickened, and so also are the radial walls, but only 



Fig. 149. — Capsicum Fruit, i, transverse sa^tioa %£ pericarp j 
a, parenchyma ; d, large-celled layer of same : imicr epider- 

mis ; cr., sandy crystals of calcium oxalate ; par.^ parenchyma- 
tous cells, and sci., sclerenchymatous cells of inner epidermis, 

2, transverse section of dissepiment ; cr., sandy crystals of 
calcium oxalate ; cu., cuticle, raised by the secretion, siCf. ; 
epidermis ; t?., vascular bundle, x 170. (Wallis.) 

for about two-thirds of their length, the remaining inner third 
being thin. Below the epidermis is parenchraratous tissue 
containing much reddish-coloured oil, and here and there a 
small bicollateral bundle and cell filled with sandy calcium 
oxalate. Between this parenchyma and the inner epidermis 
there is a row of very large cells, so large that they might be 
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mistaken for spaces. The inner epidermis itstrlf is eompost-cl 
of two kinds of cells — viz. sclerenchymatniis cells, witli thick, 
pitted, lignified walls, and thin-wall(;d parenrhyinatous c«;lls. 
The latter occur over the radial walls of the largi; sul>i:pidennal 
cells, and hence in surface sections exhibit a reticulate distrilni- 
tion corresponding to the walls of tlu; ctills over which tliey nre 
situated ; the scl<!r(;nchymatou8 cells occuj>y the intervi-ning 
spaces, and the groups of these cells corresjHind, therefore, 
to the cavities of the large cells. 

From another fruit, softened as described, setparate the 
pericarp ; observe with a lens the bladdery appearance of tlu; 
inner surface, due to the large cells just alluded to. With 
dissecting needles and forceps strip the epidermis frfim the 
inner surface and examine in chloral hydrate, taking care that 
the cuticle is uppermost. If observation is impeded by the oil, 
which is often present in considerable quantity, remove this by 
maceration in ether-alcohol. The sclerenchymatous cells can 
now easily be seen in surface view ; they are approximately 
isodiametric, with thickentid, pitted, lignified, sinuous walls, 
and are arranged in elongated oval groups between which there 
are narrow strands of delicate parenchymatous cells. The 
latter are not easily made out, and require careful adjustment 
of the light and focus. 

Warm a fragment of the pericarp in chloral hydrate ; the 
upper epidermis shows well ; the cells arts mostly four-sided, 
and have a delicately striated cuticle ; thi^y an; often arranged 
in rows of seven or more, which ap])ear to hav(; been fonni;d 
by the transverse division of oiu; large elongated cell -a 
peculiarity tliat is characteristic of this spccirts of Capsicum. 

(6) Dissepiment. — Cut open another fruit, :ind carefully 
remove the thin membranous dissepiment. Examine tie; 
surface in chloral hydrate after wanning. 'Fhe (‘pid<;nnis is 
formed of thin-walled jjolygonal cells, from which the cutic-le 
is in great part .separated, forming an indistinct, structureless, 
crumpled membrane ov<;r the (;pidennal cells. In the j)aren- 
chymatous tissue cells filled with sandy crystals are to be seen. 

A transvcr.se section through the delicate dissepiment shows 
that the cuticle has in i>lacc:s been raised from the epid«*rmis 
by the secretion of oily drops from the epidermal cells ; these 
are said to contain the capsaicin to which tla; fruit owes its 
pungen('y. 
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(c) Seed.— Soak a few seeds in water until sufficiently soft 
to cut. Embed one in pitk, and cut transverse sections with a 
sharp razor ; if it is not held sufficiently firmly by the pith, fix 
it between the two lialves of a velvety cork. 

li-xamine the sections in chloral hydrate. Observe the 
epidermis carefully. It is composed of cells that exhibit a very 



Fifi. 150. 1 ‘Yuif, Heclionn of the hcocI. i, transverse; 

2, longitudinal, cut at right angles to the flat surfaces; 3, longi- 
tuflinal, parallel to the flat surfaces. (Wallis.) 

remarkable thickening. The imuir tangimtial wall is moderately 
thickened in the centre, more strongly in the angles, but on 
the radial walls the thickening gradually diminishes until, near 
Hut outer tangential wall, it is very slight. Tlie section there- 
fore (^xlhbits an irn^gular horseshoe thickening. 

Stain a section with chlorzinciodine ; on the outside there 
is a dfflicate cuticle ; next to this a layer of cellulose, and 
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within tlie layer of ciillnlos<! a lignified layer ; the gimeral 
cavity of tlie cell is als(j lined with a layer of cellulose. 

The cells on the edge of tlie seed are larger an<l more 
strongly radially elongated than those on the flat sides. 


in* 



Fig, 151.— Cajwicum Fruit, i, IrauHverfie suction of seed coat and 
j>ortioix of endosperm, at edge of seed ; 2, the same from fliit 
surface ; 3, seed coat at edge of seed, cut parallel to the flat 
surface ; a, processes from the upf^cr Burfaccs of epidermal cells ; 

prcK;c.sses from the lower surfaces of the same ; al,, aleurone 
grains ; end., endosperm ; m, delicate cellulose membrane in 
epidermal cells ; par., collapsed parenchyma of seed coat. 

All X 150, 4, aleurone grams, more highly magnified ; a, 

Ijehire, b, after treatment with potash. (Wallis.) 

Fix a seed by its flat surface on a cork, using a little muci- 
lage ; allow it to dry ; cut surface sections, and examine in 
chloral hydrate. The cells appear thickened, and tlie outline 
wavy. 

Split a f(!W seeds parallel to the flat surface and also 
transversely ; remove the endosperm ; maettrate the fragments 
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with potassitim chlorate and nitric acid ; wash. ; tease out and 
examine the separated cells. They have the same appearance 
as they showed in surface section, but they exhibit, in addi- 
tion, little irregular projections which dovetail with those of 
neighbouring cells. 

Examine the kernel as directed for colocynth seeds ; it 
consists of thin-walled cells, in which aleurone grains and oil 
are the j)rincipal reserve materials. 

Calyx and Stalk. — Examine these by the methods previously 
detailed for l(;aves and stems. 

'J'Ik; upjier epid(irmis of the calyx is characterised by 
numerous multicellular glandular hairs containing a yellowish 
seendion ; stomata occur on tlie under surface only, and each 
is surround(!d by tlircie or four ctdls, of which one is smaller 
than the others. The mesophyll contains cells filled with 
sandy crystals of calcium oxalate. 

The stalk has an epidermis consisting of elongated cells and 
bearing an occasional glandular hair; the pericycle contains 
welI-(li!velopcd fibres. 

Powder 

Powdered chillies may be examined as follows : 

(i) In water or dilutt; glycerin. Note the abundance of red 
globules of oil. Fragments of the e-pidermis of the seed 
and jKuicarp may be. observed, but are better examined in the 
following jirepJinition. Aleurone grains are not easy to identify. 

{2) Warm a little in chloral hydrate, cool, and examine. In 
tliis preparation fragments of the epidermis of the seed coat, 
with its remarkable sclercnchymatous cells of yellowish colour, 
are usually very consjiicuous. Sometimes they exhibit their 
surface, f;sp(;cially if the fragments arc large, but smaller 
ones or isolated cells often present their section. The inner 
epidermis of the pericarp, with its thick-walkid lignified cells, is 
also easily found. Sometimes those cells are attached to the 
non-lignifled parerichyma, with which they alternate, but more 
often they are separated. The striated outer epidermis is also 
to be found, but not qiiite so easily. Portions of the endosperm, 
the cells of which have rather thick walls, are not difficult to 
d<*tect, while fibres and vessels from the stalk, calyx, &c., are 
scattered in every preparation. 


I52.--Ca|>skum Fruit. Powder. » endosperm ; 4^., 

epiflermi.5i of Hime ; (p. ca,^ upj'>er eplrlermis of calyx ; ep, p,^ 
outer epidermis of |>cricarp ; epidermis from flat surface 

of seed ; cpklermis from ecige of seed ; epi^s., epidermis of 

seed, side view ; ep^s.^ isolated epidermal cell of seed coat ; 
eptSLf epidermis of stalk ; /, sclerenchymatous filjrcs ; /.i/., fibro- 
vaficular ; o/., oil ; par.^ parenchyma of inner epidermis 

of pericarp ; f , par.^ parenchyma of pericarp ; $cli^ sclercncliyrna 
of inner epidermis of pericarp, seen from alx>ve ; $cL, tlie same, 
side view, x 108. (Wallis.) 
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(3) Defat a little of the powder with ether-alcohol, dry, and 
mount in chloral hydrate. Compare this preparation with 
No. 2. 

(4) Decolourise a httle of the defatted powder, wash, and 
treat as follows : 

(а) With Soudan red : the portions of epidermis bearing a 

cuticle stain red ; 

(б) With phloroglucin and hydrochloric acid ; lignified cell 

walls are stained. 

Fruits of other Species of Capsicum. — ^Wallis ^ has also 
examined the fruits of C. annuum as well as those known in 
commerce as Japanese chillies, the botanical origin of which 
has not been definitely determined. The following table shows 
the chief microscopical features by which these fruits may be 
distinguished from one another, either in the entire or powdered 
state. 



C. Minimum 

C. Annuum 

Japanese Chillies 


Thick and straight- 

Irregular polygonal 

Cells with strongly thick- 


walled rectang- 

cells with evenly 

ened walls and a radi- 


vilar cells with 

thickened walls, 
traversed by 

ate lumen. The pits 


few plt.s ; often 

only rarely penetrate 


arranged in 

numerous, well- 

the whole thickness of 

’5 

groiijis of five to 

marked, simple 

the wall. No visible 

u* 

seven In a row 

pits. The cuticle 

striatlon. Size of cells, 

2 

and with a uni- 

shows striated 

30 ixto^op. long and 

Cm 

w 

forrnly striated 
cuticle. Size of 
cells, 25 ^ to do fx 
in either direc- 
tion. 

ridges. Size of 
cells, Oo^to looju 
long, and 25 /x to 
50 IX wide. 

15 /A to 45 /X wide. 


Delicate cells with 

Several layers of 

A single layer of regular 

1 

thin cellulose 

cuticularised col- 

polygonal cells with 

u 

walls. 

Icnchymatous 

cuticularised fairly 

*13 


cells, having a 

thick walls, traversed 

Ri 


rounded outline 

by numerous pits, 



and very few pits. 

which give them a 
headed appearance. 


Black Pepper 

Source. — The unripe fruit of Piper nigrum, Linn. 

Preparation and Examination of Sections.— Soak a number 
of peppercorns in water for about twelve hours, when they will 
be sufficiently softened for examination. 

' Pharmaceutical Journal j vol. 69, p. 3. 
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Examine with a lens and find the scar that indicates the 
point of attachment to the stem ; at the apex of the fniit 
the remains of the stigmas can gcnierally be disccrmul. Cut 

the fruit transversely, and 
tlien cut each liaif again at 
right angles to the transverse 
surface. Embed om; of these: 
quarters in pith, so that the 
half of the transverse section 
is presented for cutting. 
When cutting the sections, 
take care that the edge of 
the razor cuts the pericarp 
first (this should therefore 
be towards the operator's left and the perisjx^rm towards 
his right). 

Examine a section in water under the low power ; the 
brownish tissue of the pericarp is well differentiated from the 
whitish perisperm, the cells of which are polygonal and packed 
with minute starch grains. 

Mount a thin section in solution of potash, and warm gently 
till the starch is gelatinised ; examine first under the low, then 
under tlxc high power. 

The epidermis is formed of small cells covered with a thick 
cuticle ; they are often best seen near the thin ends of the 
section ; they contain a brownisli granular substance in 
which minute prismatic crystals of calcium oxalate are 
embedded ; six or eight such crystals can often be seen in 
each cell (especially in surface prepai'ations). 



A n 


Fig. 153.— Black Ik'pper. trans- 
verse HCiCtion; vortical section, 
showinpj pericarp, sch; perisperm, 
p ; cnfloHperm, en ; anti eml>ryo, c. 
Magnified. (Tschirch.) 


Fig. 154.— “Black Pepper. I, transverse section of the outer portion of the 
pericarp ; Hp.^ epidermis ; sclerenchymatous cells of the hypo- 
dermal (or subhypodcrmal) layer ; parenchymatous cells ; 0, oil 
cells. 11, transverse section of the inner portion of the pericarp and 
part of the perisperm of the seed ; p, parenchyma ; 0, oil cells ; p\ 
subjacent parenchyma; St., inner layer of sclerenchymatous cells; r, 
2, 3, layers of the .seed coats ; 4, epidermis of perisperm ; 5, perisperm 
with oil cells, 0, in one of which crystals of piperine, p.p., can Itc seen, 
in, sclerenchymatous cells of the inner layer, together with the sub- 
jacent .seed coats ; x and 2, surface view. IV, surface view of .some of 
the tissues ; St., sclerenchymatous cells of inner layer ; i and 2, sub- 
jacent seed coats ; p\ the reticulated parenchymatous layer exterior to 
St. ; P, parenchyma of the perisperm, with starch and oil cells, the latter 
containing crystals of plporlne. V, transverse section of the inner 
layers of the pericarp, lettering as in 11. (Vogl.) 
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Below the epidermis, somtdiines al)uttiiig iijKiii 

it, sometimes separated from it by a row of small pareiiehy- 
matous cells, is a layer of srlc^naicliyniatous cells, This ia.yc*r 
is not continnons, but interni{>ted at intervals by small groups 
of parencliyma. The sc'kirenchymatons cells thcmscdves vary 
considerably, both in size and in shajH% Some* are isodiametric, 
15 to 20 yx in diameter, and scpiare or ronnded in outline? ; but ttie 
majority are radially elongattnl, and fntqtatntly attain loo /i in 
length and 20 in width. They oftem t*xhibit brown contents. 
These cells arc? characteristic of l>ej)pc?r, and should thetndon* be? 
can?fully examined. Tin? ])an?nchymatc>ns tissue* of tins n‘gion 
often contains brown gninular mattc?r in whicli nnmerous small 
crystals of (?alcium oxalate? can be detected. The latter are* 
especially visible when a section cleared l>y potash or chloral 
hydrate is examin(?d with polaris(?d light undc?r the higli 
power. 

Following upon this outer sclerenchymatons zone is a 
parenchymatous tissue wliich constitutes the? l)ulk of the j>(*rie*arp 
and is rath(?r sharply differe?ntiated into an outi?r and inner 
portion s(?parated by a d«irk, often greiyish or brownisli line, 
whicli, on careful examination, is seen to consist simply of 
compresse?d thin-walled cells. This region of the pericarp is 
traversed by fibrovascular bundles, which, in transverse section, 
exhibit a few small spiral vessels and often sclerenchymatons 
fibres, the? nature of which can be determined later from a 
potash macf?ration preparation. 

TJie onte?r portion of this parenchyma is composexi of about 
twelve? rows of tangentially elongated parenchymatous C(?lls, 
wliich contain, as may be? de?te?rmin(?d by examining a section in 
iodine? wate*r, num{?r()us minute scattered starcli grains. Here 
and thexe? in tliis tissue? an oil cell may be found containing a 
gloliule? of oil ; such gIobul(?s are most evident in moderately 
thick sexttions aftetr treatment with potash. 

Tlie? inrH?r portion of the? jiarenchyma is especially charac- 
terisetd by the? prese?n(:(? of a large? number of oil cells, which are 
arranged in an almost continuous ring. The innermost row or 
two of the? ce*Ils of this tissue? are? ofti?n re?ticnlately thickened 
((.‘Specially in rip(?r fruits) ; tliey al>ut diree^lly ujion a single row 
of cells tliat are conspicuous by re?ason of their bright colourless 
walls. Thc?se conspicuous c(?lls (‘xhibit a very remarkable 
horseshoe? thickening on the radial and inner tangential walls, 
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coarse pits being visible near the points of the horseshoe. This 
layer is the inner epidermis of the pericarp, and is of great 
importance, as it is one of the most characteristic layers of the 
pepper fruit. 

Bidween the horseshoe cells and the perisperm is a narrow 
brown ring, which, in favourable sections and under a high 
power, can be resolved into three distinct layers — viz. an outer 
pak; brown, a middle dark brown, and an inner colourless one. 
As a rule, these layers do not exhibit more than indications of 
cellular slructun;, but such indications become more distinct 
after treatment with Schulze’s maceration mixture ; these 
layers, which constituh; all that remains of the seed coats, 
are, however, best (ixamined in surface sections or potash 
preparations. 

Examine a section in water. The perisperm is principally 
compo,sed of large thin-walled polygonal cells packed full of 
minute starch grains. Among these cells numerous others may 
be distinguislied by their yellowish oily contents. These are 
oil cells. Tluy are characterised by the blood-red colour the 
<‘onteirts assunw! with concentrated sulphuric acid, a reaction 
due to tlu; piperiTU! they contain, which may occasionally be 
ffumd in prismatic, crystals embedded in the oleo-resin. 

'riu! perisperm cells that abut on the secxl coats are smaller 
aiifl contain aleurone grains. 

'riic starch occurs in minute simple grains or larger rounded 
or ovoid r.omjtound grains, the latter consisting of a large 
mimber of minute component grains. To examine the starch, 
slightly crush a section and observe the minute grains. Allow 
chloral hydrate to flow on to a very thin section ; large oval 
or rounded compound grains can then easily be seen, embedded 
in a mass of simple grains. After the starch has been gelat- 
inised, many of the cells will be seen to contain a prismatic 
crystal of calcium oxalate as well as a small body of irregular 
form and unknown nature. 

Examination of Surface Sections, — Select a smooth (nearly 
ri|>e) fruit, embed it in pith so that the surface of the fruit is 
just below tliut ui the i)itli, and cut a series of surface sections. 
Transfer them all to a slide, keeping the upper surface upper- 
most, rl(!ar, and examine. 

The first section should exhibit the epidermis in surface 
vic!w ; the cells, which are often best seen near the edge of the 
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section, are small and rounded-polygonal in shape, and contain 
numbers of minute crystals of calcium oxalate. 

The second section should exhibit the distribution of the 
outer sclerench3unatous cells ; they occur in patches, separated 
from one another by brownish parenchymatous cells, which, 
like the epidermal cells, contain calcium oxalate. 

The following sections should show, near the middle, the 
outer parench5nnatous tissue, the inner parenchymatous 
tissue, the horseshoe layer, the seed coats, and the perisperm 
successively. 

The horseshoe layer should be particularly examined, as it 
always presents its surface view in powdered pepper. The 
appearance of the cells varies a little with the point at which 
they are focussed ; with high focus they appear rather thin- 
walled and pitted ; as the focus is lowered, the walls appear 
thicker and the pits disappear. 

Of the layers of the seed coats the middle dark layer is the 
most important ; it may be recognised by its dark reddish- 
brown colour, the cells being elongated-polygonal in shape. 
These layers of the seed coats may be further examined in a 
potash maceration preparation. 

Examination by Maceration in Potash. — Digest a few 
peppercorns in solution of potash in a water-bath ; strip the 
pericarp and seed coats from one of them, and disintegrate as 
thoroughly as possible with the needles. Examine, and 
identify the various tissues and elements by comparison with 
the sections. 

Examination of Powdered Pepper. 

(i) Mount a little in water or dilute glycerin. The bulk 
of the powder consists of angular colourless fragments 
of perisperm, which present a granular appearance, 
due to the minute starch grains with which the cells 


Fig. 155. — Black Pepper [continued). VI, epidermis, Ep., with subjacent 
sclerenchymatous cells, St. VII, Ep., epidermis ; Hyp.^ hypoderma ; 
St.y hypodermal sclerenchyma, all in surface view ; parenchyma of 
pericarp, with oil cells, O, and hypodermal sclerenchymatous cells, 
St. VIII, fibrovascular bundle in radial section ; vessels ; p, paren- 
chyma ; s6, sclerenchymatous cells. IX, perisperm cells with starch, on 
the left a cell in which the starch has been gelatinised. X, upper figure, 
hypodermal sclerenchyma, surface view ; lower figure, sclerenchymatous 
cells from the mesocarp. XI, portion of the perisperm. XII, isolated 
starch grains. XIII, cells of the perisperm, with starch. XIV, scleren- 
chymatous cells. (Vogl.) 
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are packed. In additicm to llicsct fragincnts, there 
are to be found the evil contcuits of some of the 
which have fallen out intact, and also numerous 
starcli grains, which arv eitlier isolated cjr in groups 
of a few ; tliese grains can Ik'* identilical as 
starch ; irrigate with iodine* waiter in orcli^r to provtt 
their nature. 

In this preparation fragments of tlu! n‘ddish 4 irowii 
seed coats and other d 3 ris can he stum, but tlit‘y 
are better exarninitd after nunoviil of the starcli. 

(2) Moistini a litth^ with a small drop of alcohol, allow it 

to stand a few monu*nts, and add a small drop of 
dilute* glyciuin. The preparation wall becomi? cloudy, 
owing to the separation of volatile oil. (‘over, and 
aft(‘r five minutes examine; again. Abundaiici; df 
long narrow prismatic, crystals will l)t; fotind, eitlicr 
isoIab*d or arninged in radiating groups; these are 
(uystals of piperiin*. 

(3) Boil I gramim; for Ictn minutes with 20 vj\ of wa!t*r 

to which 2 c.c. of hydrochloric acid (sp. gr. im 6) Inive 
been addcul ; alhnv the ca‘11 debris deposit, wasli 
once with dilute (about i per cent.) solution of pedash, 
and finally with water. Mount a little in chloral 
liydrate, and examine. Obsitrve the following char- 
aederistic portions of the jiepper fruit. 

(a) Frapnents of the parenchymatous tissue of the perispernh 

The c*(*lls an; large, (^longaital, and often angular, 
and hav(; very thin walls witliont visil)Ie pits. Here 
and tluu'e they appear to possetss dull granular con- 
tents (remains of the starcli), and occ^asionally a rounded 
cell with refractive w%alls may be found (oil cell), in 
wliirh soimdim(*s a globule of oil may be sec^n. 

(b) Similar fragments from the pericarp ; in thc^se fin; paren- 

chymatous cells are smaller, tin; (ul cells an* a.lsu 
smaller ; tin; fragmi*nts often a. pale lirownish 

colour, and contain tin; small filirovast ular Imiidles, 

(c) Fragments of the seed coats. Tliesc; are mure cc#ns|iieuuii;s 

in white pepjier, wliic-h is jaejiared fnuii riper fruits 
than black pejiper. Tln;y JiaA’e a briglit reclclihli- 
brown colour, and an; easily seen. Disrernifde in tlnse 
fragmcuits an* usually * 
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a. The hyaline layer, colourless, with very distinct 
cell walls. 

/ 3 . The inner seed coat, dark reddish-brown; cells 
often less distinct. 

7. The outer seed coat, yellowish-brown, visible here 
and there. 

(d) Fragments of the inner sclerenchymatous layer. They 

are usually brownish in colour from the seed coats 
which adhere to their lower (inner) surface ; they 
often exhibit,' especially near the edges of the frag- 
ments, the large reticulated parenchymatous cells 
that abut upon their upper (outer) surface. The 
small polygonal cells of which this sclerenchymatous 
layer consists and their pitted walls render it easy 
to identify. 

(e) Fragments of the outer sclerenchymatous layer. These 

are absent or very rare in white pepper, but are 
numerous in black. They are conspicuous by reason 
of their dull, dark, brownish or yellowish colour 
(not bright reddish-brown). They usually exhibit 
their surface view, and are then sharply characterised 
by the small sclerenchymatous cells which present 
somewhat varying, often irregularly polygonal, sec- 
tions, and are arranged in small groups separated by 
dark-coloured parenchyma. The epidermis often 
adheres to them, but is not readily seen. 

(f) Isolated sclerenchymatous cells, or small groups of such. 

These are derived chiefly from the outer sclerenchy- 
matous layer. Long narrow cells may occasionally 
be found ; * these are the sclerenchymatous cells that 
accompany the bundles in the pericarp. 

Fennel Fmit 

Source. — The dried ripe fruit of Fceniculum capillaceum, 
Gilib. 

Preparation and Examination of Sections. — ^Select if possible 
some Saxon or other bold fennel fruits, and soak them in dilute 
(50 per cent.) glycerin for twenty-four hours or longer. Split a 
soaked fruit into its two mericarps, embed one in pith, cut a 
number of transverse sections through the centre and transfer 


288 


FRUITS 


them to alcohol. Mo\mt one in dilute glycerin and examine 
under the low power (fig. 156). The centre is occupied by the 
large greyish endosperm, which is surrounded by the pericarp 
and seed coats, the latter reduced to inconspicuous membranes. 
In the pericarp the oval vittse are conspicuous and in eacli of 
the ridges there is a large bundle of fibres ; a small fibro- 
vascular bundle accompanied by fibres, situated on the com- 
missural surface, is tho raphe. The inner layers of the mesocarp, 
especially the cells surrounding the vittm, are often dark brown 

in colour. 

Examine witli the high power. If 
the cells of the epidermis are not 
distinct, as is often the case, mount 
a thin section in 25 to 50 |)er cent, 
solution of jiotash. The epidc^rmal 
cells are small, tangentially elongated 
or nearly square, with modctrately 
thick walls and a granular cuticle. 

Within tlie ejiidennis is the meso- 
carp, liounded on its inner margin 
l>y a row of strongly tangentially 
elongated cells with thin walls of a 
pale-brownish colour (fig.157, 
row of cells, the inner epidermis of 
tlie pericarp, exhibits latre and tliere 
a group of (dosely approximated, 
radial walls (cliloral hydrate: or potash 
preparation). 

Next to the inner i'pidermis of the pericarp is the {aitca* (‘pi- 
(lennis of tin: stn?d coats, the ct'IIs of which are brownish in 
colour and tangentially <‘longatt:d and exhilht granular am- 
tents (fig. 157, 11); examined in potaslg tiiey often f*xhif)it oil 
globules. The nunaining cells af tlie seed coats liavt* collapsed 
to a hyaline layiT, which, however, widens out in the ammm- 
sural region to a thin^walled ]Kirenchyma in whi« It the rajihe is 
embedded. 

Examine lint mesocarp. In tie* neighlioiirliood of lii«» villa: 
the cells are thin-walled and tangentially ehaigatiai, but, as 
the ridges are approached, the walls !jec:rinie c:!iarac:|f*ristic:ally 
thickened and lignilieal and tlien loxliibit large ov.il or roiindi?d 
pits nr irregular reth'ulaticais. The riuiiitiiu' of c«*lls ttiiis 



Fig. 1 56,— Fennel F ruit. Dia- 
gram mat ic sec t ion . end . , 

endrwperm ; /vh.^ iihro- 

vancnlar bundk; r., raj»lj«o 
V., vitta*. 50. 
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thickened varies considerably in different fruits. Tho bundles 
themselves consist of small thickened and lignifu^d eleimvnts, on 
each side of which is a group of sieve tissue accornpanied 
by a few small tracheids. 

In many fruits, especially wlien ripe, the cells of the rneso- 
carp near tlie vitt<e are brown or evem very dark brown in 
colour and the small intercellular spaces are filled witli a brown 



grains, 1 aiul z with nK44;ttc (i£ calcium (ixalatc; 3 with ; 

4 , ro.HcttcH ; 5, after f^dutirm of grtniricl subhtauce. 

‘A 480. 

deposit, j)n)bably the result of infiltration and oxida.tion of tJic 
volatile oil. Ihitween tlie vitt:e and the iniutr ejiidt.'nnis the 
cells are often strongly tangentially elongated. 

Th<; secreting cells of the vitta- are ftct-asionally visibl(!, but 
usually they form a collapsed brown layer without distinct 
structure. 

The cells of the endosp(!rm have; moderately tliick walls and 
contain aleurone grains, fixed oil and, frecpuuitly, an easily 
visible nncleus. 

Examine the aleurone grains as directed on p. 192. 'I'hey 
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are very small (4 t(i 10 /a), nmnded or oval grains and centain one 
or two ininut(! (2 fo 5 /x) globoids or rosettes of < alcium oxalate, 
the latter with a distinct c(;ntral point. 

Maceration Preparation of Pericarp.— Digest a few ripe fruits 
with 3 j)er cent, solution of potasli in a water-bath for ten to 
fifteen minutes, wash with distilled water. Strip off the perii-arp 
from between the ridges ami from the commissural surface ; 
seiiaratc also the ridges and disintegrutt! each portion, as far as 
Iiossible, separately. In the first, look for fragments of the 



Fio. isH. I'ViiiicI iTnit, w hy wilh iHoIiition 

oi iKdaNsitnu hy<lrc)xi<l(*. r/e, tudf-r tif iiurttarp; 

t.r/f., ijuif’r rj»i»lriTuisof |*rri» arp; mf,, upi<!rniu . f»f intfipinifnt ■ 
itanait Jiyiiia inusMt arp. All ia dirl.K virw. - |m. 

ejtidermis with an occasional stoma (fig. i5<S, r/i.j; tie' < olourless 
cell walls show no intercellular spa< i's. Fragne'uts of the 
mesocarp (fig. 15B, ?n.} with rounded, Ihin-walled, c<tlourIess or 
rlark-brown emidy cells with intercellular sjiuces occur. Por- 
tions of or (rven entire vitta; (fig. 159, v.) are readily recognised 
bytheir dark-lirown colour; they often i-xhibit brown transverse 
dis.sepiinenfs and show the outlines of small polygonal cells on 
their walls. To thes*' the inner epidermis of the pericarp (fig, 
159, t. cp.) often adheres ; the c<;lls are elongated, narrow, and 
often bear evidence of having heen prodneed hy sulHiivision of 
mother-i ells intoa nnmlier of smaller parallel cells, though these 
are ofttm ohiiqnt: to those of neighhoiuing cells (fig. 159, i. cp,). 
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In tlu; preparation from the ridgi^s, al)imdaiit rflirulatecl and 
porous ciills of the mesorarp, as W(‘I1 as fibres from tint bundles, 
are to be found, tlie gradation from a rounded jjorous cell to a 
tyj)ical sclercuichymatous fibre*. b(‘ing quite gradual 

Examination of the Powder.— -Dry some of the fruits a.t alioiit 
8o^^ (1, |)owcl(a* and sift through a No. 8o sicna!, talking care that 
tlie whole passes through. Mix a little with dilute glycerin 
and with solution of cliloral hydratet and set aside for 
twenty-four hours or longer, allowing the water to evapor^ite 
slowly from tlie dilute glycerin putparation. 

Moisten a little of the powder with alcoliol, add dilute glycerin 
and examine under the low power. Most of the fragments, 
especially the smallest, are colourless or greyish, but soimt are 
brownish or dark brown in colour. 

Stain a little with jiicric acid and nunnit in glycatrin as 
directcid on p. 192. Itxamine tlu* smallest particles for ak*u- 
rone grains, whicli may be found, although thi'y are rninuti* and 
not conspicuous ; after treatment witli dilute solution of potash 
Io(^k for i\u\ characteristic rosedtes of calcium oxalati!. In this 
pr{*paraiion radiating tufts of large crystals (of anethol) may 
occasionally be found. 

I^xamirut ilw. glycerin preparation, whicli is usually rk^ar. 
hTagm{*nts of the endosperm, readily recognised by the gnsyisli 
colour and thick cell walls, are numerous ; the cells contain 
the. ('haraettu’istic al(*uron(‘ grains. vSmall fragments, consisting 
of |)ortions of adjoining <’ells aiui (*v(‘n of portions of the walls 
only, r(‘('ognisal)le by their thirkriess, an* n-adily found. I^^rtions 
of the dark-brown and <4 tin* luuKiles h!>res frrun tie* 

ribs, are also f*asily idt-ntihed, but are better seen in the following 
preparation. 

Ivxainine the rldoral hydrate preparation, lla* walls of th** 
endosperm e<.*lls have sw«>llen a.nd the fragin«‘iits a.re rieai"i*r ; 
the ground substaiHa* <d the aletiroiie grains has dissfilved arid 
lire n^sett(*s fd laalrium (oxalate are distinct ; tleu'e are also 
num**rous large and small oil gloluiles fnun thi* eiKlosperiii, 
Portiems cd the !>undl<*s of fibres an: to be defected without 
difficulty; examine tliiuu carefully and mdi: tlie ehuigated, 
pitted or retii;ulat«*d cells which are edfen attaclieil to llieiii. 
Ciroups of a few fi!m*s and isolaltal hrok«*ii filires are also to lie 
foniid, but the reticulated r«*lls are, not eoiispirmoiis. Very 
rons|'>icnous l>y reason of tia-ir dark n*<idisiidirowii rolntir 
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are fragments of the vittae with attached, often pigmented, 
parenchyma, and also the inner epidermis of the pericarp with its 
characteristic narrow cells. The thin-walled cells of the meso- 
carp, colourless or brown, are less readily seen, and fragments of 
the epidermis are rare. 

Defat a little of the powder with ether-alcohol, dry, and mount 
in solution of chloral hydrate. This preparation is free from 
oil globules and is the clearest of all ; it may be utilised for 
further examination for the inner epidermis of the pcricai'p 
and for the reticulated cells. Attention may be directed to 
the latter by staining a portion of tlie dcifatted powder with 
phloroglucin and hydrochloric; acid. 

Wheat 

Source. — The fruit of Triticum sativum, Lam., and other 
species of Triticum. 

Preparation. — Examine a grain cjf wheat with a lens ; it is 
ovoid in shape. One side is rounded, while on the other there is 
a deep furrow. Near the apex of the fruit there is a tuft of hairs. 

Cut a grain longitudinally and examitic the section with the 
lens ; near the base tlie embryo can be seen. 

Transverse Sections. — Soak some; grains in watesr xmtil sixlTi- 
ciently soft to cut (t\v(;lv(; liours or more ; they may be pre- 
servcid, after softening, in a mixture of equal ])arts of 70 per 
cent, alcohol and glycerin) ; <;mbed one; in pith, and c.ut a 
nunaber of transverse sections, taking care tliat tlic pericarp of 
the grain is cut as thinly as possible. Ti’ansfer these sections 
to alcohol. Examine one in dilute glycerin : the abundant 
starchy endosperm is surrounded by several narrow layers of 
cells varying from ytillow to brown in colour ; these luyxns 
comprise the ti.ssues of the pericarp and the closely adherent 
seed coats. 

Mount one in chlorxd hydrate, warming gently to clear it. 
Examine carefully under the high power, commencing” with 
the outermost layer (epidermis of the pericarp) and passing to ;i 
narrow dark-brown line (seed coats), which is usually very dis- 
tinct, and, finally, to the large tliin-walled cells of the endosperm. 

The three, or sometimes four, outermost layers of cells are 
often more or less ccjllapsed to form a pale-yellow tissue, in 
which indications only of cell cavities can be detected. If tins 


is tli(t cas^*, tlu*y innst In* c^xpaiulrci !>y wariiiiitg in i”!ilf»ral 
hydrate* f>r ia pf^iash, htil it must In* rt’inaiiilni'inl th;tt flu* use* 
uf the* la, tier ntagc'id may (*a.usr camsidaraldr swi-lling itf tin* 
walls. 

Thu (•])i(h‘n]i:il n-lls are ohlung, and pnssrss thirkurircl 
iaiiguiitial, 1ml thin radial walls (fig. ihu, i aittl tin* 

next: two rows of colls, ronstitutiug tin* hyiHHioniia, aio 
similar in appuaram t*, and Indh thusi* and tin* opidoniial i rlls 
have* lignifiud walls. Pits an* clithn nil in sor in thr t raiisvcrso 
surtion. Nerxt to this 1 issue* is a n^w (if parmicliymatotts (‘fils 
whi(ii an* larger and have thin walls. Tlic*so (i*lls an* also 
luon^ or loss ( (illapse'd, and appesar not io he |>resenf in evt*ry 
part (d the! sec tion ; tlM‘y arc often dilhcmlt tee see in transv«*rsc* 
setetions (hg. ihce lo, j). 

loillciwing upciii this laycT is a single* re^w of (in transverse 
scudiem) c‘hingate*d (-ells that (*xhiliit e einspinaejs [iitliiig. Th«*y 
average* aluiut i to in i ;o //, in length and 12 tea i5 fi in width ; 
(he* walls an* yelhuvish in emlour and !ignitie*d (tig. rho, lo, 

Bc*tween this and the* se*e‘d c"oats are tubular ceils wliic li 
apjicar as roundc^d or liattem*d rings in transverse sc‘tiion, 
IIh’sc^ cadis are ned n*gularly arranged, hut disirihtUed in an 
irn‘gular ina.nni*r, or, at least, are only to he Hc^eii at irn*gular 
distances, and best in sections that have bean expanded by 
warming in jiotash. Tfic^y are the remains of tlie inner i‘pi- 
dermis of the jH^ricarp, tint constituent o‘lls of which are 
tidmlar in sliapc* and liavct hcrome sc*i>arate*d from emt* anc#th(‘r 
daring the* dc‘ve*hi|ime‘nt of the! fruit ; h«*iie'e‘ tltoir irre*gu!ar 
distrilmtion (fig. i6o, lo,^,). 

Tlic! narrow hnnvn line* that n?presi*igs the* eollapse'd s«*«-d 
caeats is (dt(*n api>a,rent!v h.omog«*neems, tmt iindor tlce* infliionri* 
of eaustic^ potash indieations (rf radiaJ walls e'aii cdtni tie 
<lete<ic*d (fig. iho, lo,«). 

Ahnlting nj>on tin? sec*d coats are the rerriains of tin* iiu< «*iliis, 
which aiijrear as a narrow hyaline lav<*r. .Aft<*r wariiiiiig in 
cidond liydraJe*, tin* tang<*ntial walls of tin* irlis 

swell and c*xhil>it distinct strialions ; the radial also 

I'HtCOine visihli*. Two rows of sui'h «e!Is e-ail he seifil 
(fig. ifio, icck). 

Then* folhnvs next tin? aleiinan* lavc*i\ a singfr row of i. ells 

which rcaistitiite*s tin* outermost laver of fh** liifiosjieriii 
(iig. pjo, ro..,|. The* cell- of whi* h it eeiieastn an* iarge to 
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60 fjL by 30 to 50 //.) and radially elongated. The walls are 
rather thick. The cells are packed with small rounded aleurone 
grains (picric acid reaction on a fresh section), associated with 
oil-containing plasma (sulphuric acid reaction) . The cells of the 
endosperm are large and have very thin walls ; they are filled 
with starch grains (see p. 14) associated with minute aleurone 
grains (fig. 160, 10,10). 

Examine the furrow that runs down one side of the grain ; 
in the sections this will of course be cut transversely. The 
seed coats can easily be traced by reason of their brown colour ; 
they follow the course of a W. The sj^ace of the central 
triangle is occupied by thin-walled parenchymatous tissue, 
apparently an expansion of the tissue of the nuccllus. Here 
the aleurone layer has often broken away from the nuccllus. 
At the apex of the triangle there is a group of thin-walled cells 
filled with a brown amorphous substance ; these cells are part 
of the seed coats. 

The two lateral triangles of the W are occupied by collapsed 
cells derived from the outer layers of the pericarp ; the 
sclerenchymatous cells can be traced nearly to the apices of 
these triangles ; they resemble the corresponding cells from 
other parts of the grain. 

Radial Sections. — Cut next longitudinal sections. The 
pericarp exhibits a structure similar to that observed on the 
transverse sectic^n, but the epidermal and hypodcrmal cells 
are small and exhibit an almost isodiametric section ; the cells 
of the seed coats are often a little more distinct. 

At the base, on the curved side of the fruit, is the embryo. 
This is built up of small thin-walled cells filled with plasma 
and oil. 

Near the apex of the grain there are numerous long, one- 
celled, thick-walled, tapering hairs which must be closely 
examined ; they can be better seen in a surface prepar’ation. 

Surface Sections. — Next cut surface sections from several 
fruits ; immerse them in alcohol and then examine in dilute 
glycerin or chloral hydrate, taking care that the epidermis is 
uppermost. Focus down through one layer to the next, as 
may be necessary. 

The first layer is the epidermis ; it consists of elongated 
cells (often 100 to 200 fx long and 25 to 50 jx wide), with rather 
thickened pitted longitudinal walls, but thin transverse walls, 
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the latter being often more or less oblique, so that the cells are 
somewhat pointed (fig. 160, i). 

The second layer consists of similar cells, but the trans- 
verse walls are often more distinctly pitted than they are in 
the epidermal cells (fig. 160, 2). 

The third layer is composed of parenchymatous cells with 
thin walls, which are not pitted ; this layer is very difficult 
to see. 

The fourth layer consists of irregularly shaped parenchy- 
matous cells with large intercellular spaces and coarsely pitted 
walls ; it is best seen in a subsequent preparation, in which it is 
generally found adhering to the upper surface of the fifth layer ; 
in places this layer is interrupted (fig. 160, 3 and 4). 

The fifth or sclerenchymatous layer. — This layer is usually 
very conspicuous in chloral hydrate ; the cells are elongated 
transversely to the epidermal cells ; their walls are thickened 
and conspicuously pitted ; the layer is continuous, and exhibits 
but few and small intercellular spaces (fig. 160, 5). 

The sixth layer (or tubular cells) is often difficult to find, 
and is better seen in maceration preparations. The cells are 
narrow tubes, between which are often large spaces ; the walls 
are pitted where they adjoin other similar cells. They are 
arranged transversely to the sclerenchymatous layer (fig. 160, 6) 

The seventh layer comprises the seed coats ; it is pale 
yellow in colour, and is composed of two layers of elongated 
thin-walled parenchymatous cells crossing one another at 
right angles (fig. 160, 7). 

The eighth layer, or nucellus, is difficult to find ; it is best 


Fig. 160. 

1. Epidermis of pericarp, surface view; t, pits on inner wall. 

2. H3rpoderma of pericarp. 

3. Middle layer pf pericarp (4 in fig. 10), usual form of cell ; 4, unusual form 

of the same cells. 

5. Transverse cells of pericarp, surface view. 

6. Cells of the inner epidermis of pericarp, surface view. 

7. Cells of seed coats, surface view. 

8- Cells of nucellus (after treatment with potash). 

9. Cells of epidermis of endosperm (aleurone layer). 

10. Transverse section of the pericarp, seed coats, and part of the endosperm 

of the grain ; i, epidermis ; 2, hypoderma ; 4, middle layer ; 5, trans- 
verse cells ; 6, inner epidermis of pericarp ; 7, seed coat ; 8, nucellus ; 
9, aleurone layer ; xo, endosperm. 

1 1 . Hair from apex of fruit. 

12. Stoma from apex of fruit. 

13. Section through the furrow; h, vascular bundle ; s, seed coat. 
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examiiictd in scTtioiB that havi^ vvaniircl in rliltira,! liydr,tti! 
(fig. i6<\ 8). 

The ninth layer is the* al^'unait* lay«'r ; t!if^ fflls ,irr thifk- 
wallrd, n(‘arly is<jdiani«’trit\ and Ihry an* tilli'fl wilii driiHi'ly 
pankcal alaunair grains (tig. i6n. n). 

Th(* endosperm consists of large i!iin-w»dir'd < f‘llH lillrd witli 
stanii grains (fig, 160, n>, ji,)- 

Maceration Preparations* In addition to the Motions and 
sur facet pnti)ara.ti(ais it is very desirabh* to si''parfili'‘ t!i«' la vers 
of retlls as rimcii as {Kessilde* from one aiirdher* and to vi-tntiinsi* 
and identify thorn. Ion* this purprese tlie f«»!lo\viiig iiielhod 
is an (-xndlenl one, althongh it reqinnss riiiisidi'ralde tiiiie ; 
it lias the advantage (d allowing tli«* tissues to he sejiaiafed 
without causing any swelling or oilier apprerialile alleratifUi 
in the walls. It consists in simply (Uiishiiig the grains and 
allowing tliem to stand, c‘oven*d witli water, in a warm jilare 
(20''’ lo 40'' Ck) ; j>utn‘factive <It*rornposition sets in, and, aih^r 
a few (lays, tin,! layers ('‘an he Si*[Kiratetl by tiv'isirig ; Ihity 
may be (‘Xarnined in dilntet glyrerim In this jirepaiation itare- 
fully i‘Xarnine the? hairs. Thi?y vary coiisidijraldy in length ; 
many are bedween 200 and 500 long, but occasionally tliey 
are still longer. The walls anr thh^k and the Ininen narrow ; 
towards tlie aixtx the latter bctcomis gradually narrower, 
towards the* base larger, but at the base itself it enlarges rather 
abruptly, and lu*ni tint wall is distiruttly pitted. Tilt* diameter 
at iha baset is about 18 to 24 /c. In most td the hairs the w^all 
is as as, nr thic’ker than, the (‘avity of the cidl. 

Having thus thonuighly studied tint anatomy (d the grain, 
the studttnt may proccnal to study the pemaietr, whicth should he 
j)rej>ared from dried grains and i)assed tlircuigli a No. (k) nr 
No. 80 sift vet, taking cant that tint |>encarp cd the fruit, or part 
of it at least, passes through tint sieve. 

The standi may Im examined in water as usua,!, and tlc’ 
minute aleunme grains detected with picric acid. Thccjiifiniiii 
and aJeunuie layau* can hn well seen alter soaking in diliift* 
glycerin, fait for flat (txarnination of tlir other fr,i.giiien!s of 
jKtricarj) chloral hydrate is htller; allmv fir- preparalimi fo 
stand until the starch is gelatinised, nr eflec 4 , this !iv gently 
warming, llie sHfU’enclivinatous rells are geinu-ally pai linilarlv 
('oiispifUioris, a.nd this layer the seed <"oatsaiid adliere 

on tin* nrifler side, while the upp«*r often beai:;^ flic 
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layer of parenchyma (layer 4). The hairs are fairly numerous 
and readily identified. Most of the tissue found in the examina- 
tion of the grain may be recognised with facility. 

Finely sifted flour consists to a large extent of starch, but it 
always contains aleurone grains, and also fragments of the 
pericarp (bran) . The more efficient the sifting of the flour, the 
fewer and smaller will these fragments be. They are, however, 
important adjuncts in identifying the flour, and must be 
collected and examined. 

They are best collected as follows : 

Mix 5 grammes of flour with 50 c.c. of water, add about 2 c.c. 
of hydrochloric acid (sp. gr. i-i6), and bring the mixture to the 
boihng-point ; boil gently for five to ten minutes. Cool, and add 
sufficient solution of potash to make the liquid shghtly alkaline ; 
it will then become nearly clear. Divide this liquid among the 
tubes of a centrifuge,^ and separate the deposit. Collect it in 
one tube, wash once with water ; mount slides of this deposit 
in water, dilute glycerin, and chloral hydrate respectively. 
Numerous hairs will be found, as well as small fragments of the 
pericarp, seed coats, &c., together with various impurities that 
may be present. The tissues derived from wheat can easily be 
examined and identified ; those foreign to wheat can readily 
be detected. 

Diagnostic Characters of other Flours 

Vogl ^ gives a useful key for the identification of the various 
flours, from which the following details are taken.^ 

Starch Grains 

A. Large grains and very small grains, with but few of 
intermediate size. Large grains simple, flattened ; in side 
view elliptical or lens-shaped ; in surface view circular. 

Wheat. Large grains 36 to 39 in diameter, isolated 
grains attaining 45 //,; in surface view circular or 

^ If a centrifuge is not available, subsidence in a urine glass may be resorted 
to. 

2 Nahfungs- und Genussmittel, p. 153. 

For illustrations of the powders of various flours see Greenish and Collin, 
Anatomical Atlas of Vegetable Powders. 
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slightly reniform ; at most a grain here and there with 
distinct striations and a cleft or stellate hilum. 

Rye. Large grains 36 to 47 fju in diameter, isolated grains 
attaining 52 fju ; often with very distinct striations and 
cleft or stellate hilum. 

Barley. Large grains 18 to 30 fju, mostly 21 to 28 /x, irx 
diameter. In surface view less regularly circulnir 
than wheat ; often a little irregular in outline, ex:- 
hibiting depressions or protuberances, broadly reniform. 
or bean-shaped, or with three or four rounded 
angles. 

B. Large and small spheroidal compound grains, isolated 
components of the same, and also simple grains. 

Oat. Component grains 3 to 7 yL6 in diameter, angular ox* 
with rounded angles ; simple grains (3 to 7 /x), associated 
with very small compound grains with two or three 
components. Shape variable ; particularly noticeable 
are crescent-shaped, pointed-elliptical and lemon-shaped 
grains. 

Rice. Component grains angular, or with slightly rounded 
angles ; simple grains polyhedral, mostly exhibiting in 
surface view five to six sides, almost regular and tolerably 
uniform, 3 to 9 //- in diameter (mostly 6 fj) ; most: 
grains exhibiting a conspicuous cavity at the hilum. 

C, Simple polygonal grains with sharp or rounded angles, 
together with some rounded grains. 

Maize. Grains 6 to 21 //,, mostly 12 to 18 /x, in diameter' ; 
sharply polygonal, some with rounded angles ; other grains 
rounded ; often with large hilum or stellate cavity. 
The grains are sometimes cemented into groups Toy 
means of a thin layer of protoplasm, which gives plaoe 
to a number of minute granules when treated witLx 
caustic potash. 

Millet. Grains 4 to 12 yL6, sometimes 15 fx, seldom showing 
an angular or stellate cavity ; a few smaller, rounded, 
ovoid, or spindle-shaped. Mounted in water, there is 
no distinct layer of protoplasm visible. 

Buckwheat. Grains 6 to 12 fi, at most 15 to 18 fi, the 
majority 9 to 12 /j.; sides often concave, less often 
sharply and uniformly polygonal ; some of the groups 
of cells have remarkable shapes, elongated, club-shaped. 
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curved, &c. Mounted in water, there is no distinct 
layer of protoplasm visible. 

Fragments of Tissue 

A. Remains of the paleae present, with characteristic 
epidermis. 

Barley or Oat. 

B. Fragments and tissues of the pericarp exhibit the 
following characters ; 

{a) Epidermis. 

Wheat. Cells with four to six straight walls, the lateral walls 
exhibit fairly regular thickening. 

Rye. Cells similar, but the lateral walls exhibit irregular 
thickening. 

Barley. Cells thin-walled, exhibiting not more than indica- 
tions of thickening: stomata and hairs present (see under b) . 

Oat. Cells thin-walled, with hairs (see under b). 

Maize. Cells with sinuous lateral walls ; length up' to 
180 fjL ; width, 15 to 30 /i ; coarsely pitted, thick or 
thin walled. 

Millet. Cells with sinuous lateral walls, 30 to 120 jz long, 
14 to 30 fj, wide. 

Rice. Cells with sinuous transverse walls, 60 to 75 /j, long, 
7-4 to 24 fjL wide ; the sinuosities mostly on the short 
walls. 

(b) Hairs. 

Wheat. Up to i mm. long ; the wall as wide as or wider 
than the lumen 7 often bent above the basal part. 

Rye. ■Simi lar to wheat, but the walls narrower than the 
lumen and the hairs not bent. 

Barley. Thin-walled, conical, or trumpet-shaped, 30 to 
180 /X long, 9 to 21 ytt wide. 

Oat. Usually two or three together, straight, very long, and 
gradually tapering. 

(c) Transverse Cells. 

Wheat. Single layer of thick-walled cells with almost 
straight longitudinal walls, which are rather regularly 
pitted and exhibit no intercellular spaces. 

Rye. Similar, but the ends are often rounded and strongly 
thickened ; with intercellular spaces. 
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Barley. Two rows of thin-walled cells with abia 
intercellular spaces. 

Oat. Single layer of cells, their long axes often oblic 
the epidermal cells. 

Rice. Cells narrow ; strongly tangentially elongate < 
always closely abutting on one another. 

{d) Tubular Cells. 

Wheat, rye, barley. Cells often thick-walled, 15 to 
wide, scattered or irregularly distributed. 

Rice, millet, maize. Cells very numerous, close tog 
mostly 3 to 5 yM' wide (in maize two rows crossir 
another). 

C. Cells of aleurone layer exhibit the following charac' 

Wheat. Cells in a single row, very thick-walled ; in s 
almost quadratic. 

Rye, oat, maize. Cells in a single row, thick-walle 
section radially elongated. 

Rice, millet. Cells tend towards tangential elong 
relatively thin-walled, not collenchymatous. 

Buckwheat. Cells similar, but rather thick-wallec 
collenchymatous . 

Barley. Two or three rows of cells. 

Examination and Identification of Powdered Fruits 

methods adopted for the examination and identificaLi 
powdered fruits are the same as those for powdered see* 
is frequently very difficult to distinguish seeds fronx 
but the presence of empty parenchymatous cells, of 
in any abundance, or of fragments of epidermis wi' 
obliterated stomata, usually indicates a powdered fruit . 
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RHIZOMES 

INTRODUCTION 

In its widest signification the term ‘ rhizome ’ includes all 
hypogaeic or epigasic stem formations which differ from aerial 
stems in their shape, appearance, size, duration and structure. 
They are usually thickened and horizontal or nearly so, but they 
may be slender and may assume temporarily or permanently 
an oblique or erect position. Sometimes the branches only of 
the rhizome ascend and produce leafy and flowering stems, while 
the rhizome itself continues its growth. But more frequently 
the axis itself curves upwards and elongates into an aerial stem. 
This stem is annual, and, when its period of growth is completed, 
it perishes. This would cut short the life of the rhizome were 
it not for the fact that a bud in the axil of one of the cata- 
phyllary leaves borne by the rhizome and its branches develops 
and continues the life of the rhizome, forming simultaneously a 
sympodial branch system. 

The structure of the typical horizontal rhizome, such as that 
of podophyllum or arnica, is analogous to that of aerial stems. 

The stele is separated from the cortex by an endodermis, 
which is often easily discernible under the microscope. The 
tegumentary tissue is usually cork, the epidermis having 
in most cases been thrown off. The tissue which has been 
designated ' outer bark ’ (see p. 150) is comparatively seldom 
produced. The cortex is often largely developed, and is 
obliquely traversed by leaf traces passing into the cataphyllary 
leaves. In the stele of dicotyledonous rhizomes the wood 
bundles may be arranged in a close or diffuse ring ; here also 
the parenchyma is often largely developed and filled with 
reserve material. 
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Most of the ofhcinal rhizomes are obtained from monoco- 
tyledonons plants. In these the bundles are closed and no 
cambium is formed. Very frequently each bundle is supported 
by a crescent-shaped mass of sclerenchymatous fibres. In those 
rhizomes in which the internodes are very closely approximated, 
these bundles often assume an oblique or even nearly transverse 
direction. 

As there is by no means so great a differentiation of the 
tissue in subterraneous organs as in aerial, the tissues themselves 
of rhizomes offer fewer diagnostic characters than those of 
aerial stems, and it becomes necessary to pay very careful atten- 
tion to the minuter details. 

Most rhizomes serve as organs for the storage of reserve 
materials, and the parenchymatous tissue destined to receive 
these is therefore largely developed. During the process 
of pulverisation these cells, being* usually thin-walled, are 
more or less completely broken up, and hence the powder 
consists largely of the reserve material which they contained 
and of the debris of the cell walls. Concerning the reserve 
materials, sufficient has already been said in the preceding 
chapters, and the student will be acquainted with the diagnostic 
importance of starch, calcium oxalate, &c. 

Particular attention must be paid to the nature of the 
walls of the parenchymatous cells, their thickness, the size 
and distribution of the pores, &c., as by these means the 
parenchyma of one drug may often be distinguished from 
that of another. The vessels and fibres must be isolated, and 
their shape, colour, thickness of wall, and pores carefully 
studied. 

The examination of the powdered drug is best conducted 
first in water or dilute glycerin, in which the colour of the 
tissues present, the details of the cell walls, of starch, &c., may 
be well observed. Boiling with dilute solution of potash, which 
is subsequently washed out with water, often clears the powder 
from cell contents, and leaves the cell walls practically unaltered. 
Digestion with chloral hydrate often answers the same purpose, 
the powder being separated from the liquid by a centrifuge. 
Dissociation of the elements, which is often necessary, may be 
effected by maceration with potassium chlorate and nitric 
acid, while, for very starchy rhizomes, boiling with dilute 
hydrochloric acid followed by dilute potash, as detailed under 
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wheat flour, yields excellent results, the details of the vessels 
and fibres being usually very clear. 

Arnica Rhizome 

Source. — The rhizome of Arnica montana, Linn. 

Examination of Sections. — Select two or three pieces of 
arnica rhizome, breaking them to see that they are sound. 
Soak them twelve hours in water, and then expose them to the 
air until they assume a tough condition in which they are 
suitable for cutting. 

Cut transverse sections, 
and transfer them to 
alcohol. 

Mount and examine 
one in chloral hydrate. 

Observe the circle of 
irregular wood bundles ; 
within the circle is the 
pith ; beyond it are the 
bast ring, cortex, and 
tegumentary tissue (fig. 

161) . In order that the 
last-named three tissues 
may be correctly des- 
cribed, it is necessary 
that the position of the endodermis — which is the innermost 
layer of cortical cells and consequently separates the cortex 
from the bast ring — should be determined. This is possible 
with arnica, and also with many other, but not all, rhizomes. 

In arnica rhizome the endodermis can usually be found 
without special treatment. Observe, between the tegument ary 
tissue and the wood bundles, a number of large schizogenous 
oleoresin ducts arranged in a circle. The endodermis is just 
within this circle ; indeed, it often curves round the inner 
margins of the ducts, thereby assuming a sinuous course. 
The cells of which it is composed are narrow, tangentially 
elongated, and characterised by distinct suberisation and 
lignification in the centre of the radial walls (compare Lobelia 
Stem, p. 81). This lignified and suberised portion is strongly 
refractive, and hence easily visible. Should it not be 



Fig. 1 61. — Arnica Rhizome, transverse sec- 
tion. c,pith; o, cortex; oleoresin ducts; 

y, medullary rays ; z;,bast; y,wood bundles, 
xio. (Berg.) 
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apparent, it can be made more conspicuous by staining it with 
phloroglucin and hydrochloric acid. 

Having determined the position of the endodermis, make a 
diagrammatic sketch of the section. 

Examine now in succes- 
sion the tissues of which 
the rhizome consists, com- 
mencing with the outside. 

(1) Tegumentary Tissue, 
— If the cells of which 
this is composed are not 
easily seen in chloral hy- 
drate, and this is often 
the case, mount a fresh 
section in solution of 
potash, warm it gently, and 

y . cool ; they will then be dis- 
* tinctly visible ; the tissue 
consists of several rows of 
/ cork cells, with thin brown 
walls. 

« Examine a very thin 
—Zyc, section in water ; these 
cells (or at least some of 
them) have brown amor- 
phous contents. Irrigate 
the section with dilute 
solution of ferric chloride ; 
the brown changes to 
greenish black (tannin re- 
action) . 

(2) Cortex. — The tissue 
from the phellogen up to 

Fig. 162- — Arnica Rhizome, transverse sec- j • i j* xx. j 

tion. end., endodermis ; phi., phloem; including the endo- 

xyl.,-x.y\exa. x8o. (Partly after Berg.) dermis is COrtex. Careful 

examination will show 
that no secondary cortex (phelloderm) has been formed. The 
cortical parenchyma consists of cells with slightly thickened 
pitted walls ; most of the cells are somewhat tangentially elon- 
gated, and near the phellogen are often of coUenchymatous 
nature. Near the endodermis there is a diffused circle of large 
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Fig. 162. — Arnica Rhizome, transverse sec- 
tion. end., endodermis ; phi., phloem ; 
xyl.j'xylem.. x8o. (Partly after Berg.) 
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oleoresin ducts of obviously schizogenous origin. These ducts 
generally exhibit a well-defined tapetal layer, from the inner 
cell wall of which little gelatinous papillae project into the cavity 
of the duct. These papillae are the remains of the resinogenous 
layer of the cell wall ; in this layer the oleoresin is formed, and 
from it the secretion is discharged into the cavity of the duct 
(Tschirch) . Similar but smaller ducts may also be observed in 
the cortex, nearer the cork, accompanying in pairs small fibro- 
vascular bundles (leaf traces). 

The cells of the cortex contain small granules. Some of these 
stain yellow with iodine, and are doubtless granular remains of 



Fig. 163. — Arnica Rhizome, transverse section of oleoresin duct, show- 
ing the resinogenous layer. X250. 

the protoplasm. Here and there large amorphous or indis- 
tinctly crystalline lumps of inulin are to be seen (compare the 
characters of this substance detailed under Taraxacum Root). 
Tincture of alkanna shows the presence of but little oil. With 
concentrated sulphuric acid fairly abundant acicular crystals 
of calcium sulphate are obtained, indicating the presence of 
notable quantities of this metal. 

The bast ring is narrow, and consists of small elements that do 
not call for special note. In the wood bundles the centre is 
generally occupied by a mass of wood fibres, often of consider- 
able extent. The pith is composed of rather large parenchy- 
matous cells, with intercellular spaces ; in these cells lumps of 
inulin may often be found. 

Ginger 

Source. — The rhizome of Zingiber officinale, Roscoe. 

Examination of the Rhizome. — For examination select a 
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piece of unbleached Jamaica ginger from which the cork has 
been removed by scraping. Break the rhizome transversely 
between two of the branches, smooth the broken, transverse 
surface with a knife, and examine. 

Observe the large stele, which is surrounded by a distinct line, 
usually designated the endodermis ; the cortex is compara- 
tively narrow. Throughout both stele and cortex there are 
scattered dark bundles and pale yellowish-brown secretion 
cells. 

Transverse Sections. — From the dry transverse surface cut 
several sections, taking care to cut from the stele as well as 
from the cortex, and to include, therefore, all tissues from the 



Fig. 164. — Ginger Rhizome. Ay transverse section x 3 ; B, radial 
section, natural size, a, cortex ; v, endodermis ; b, stele ; 
hy cork (or outer portion of cortex). (Berg.) 

margin to the centre. Transfer them to alcohol, bearing in 
mind, of course, that the oleoresin will be dissolved ; direct 
attention at first to the structure, and leave the cell contents to 
be studied later with due precautions. 

Mount a section in water and examine under the low power ; 
there is so much starch present as to obscure the structure. 

Mount another in chloral hydrate and gelatinise the starch 
by warming. The structure becomes more distinct. The 
cortex is free from tegumentary tissue of any kind (this has 
been removed by peeling) . It consists of thin- walled parenchy- 
matous cells, with intercellular spaces. This tissue contains 
scattered oil cells, and is traversed by fibrovascular bundles 
(leaf traces), which are cut transversely, or slightly obliquely. 

The inner limit of the cortex (endodermis) cannot be easily 
identified. Observe towards the interior of the rhizome a pale 
brownish circle (visible under a lens). On the inner (concave) 





Fig. 165. — Ginger Rhizome, transverse section, end., endodermis ; 

epidermis, which together with the subjacent cork is often 
removed by scraping ; jv. b,, hbrovascular bundle ; scl. /., 
sclerenchymatous fibres ; seer., secretion (oleoresin) cells. 
(Tschirch and Oesterle.) 

the structure of the line itself is not very distinct, the cells being 
more or less collapsed. Mount another section in concentrated 
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(25 to 50 per cent.) solution of potash ; warm gently, not quite 
to boiling. The walls of the collapsed cells expand, and the 
endodermis can be recognised by its strongly refractive radial 
walls. Within the endodermis, between it and the circle of 
bundles, are two (or three) rows of tangentially elongated 
parenchymatous cells, but the radial walls of these cells are not 
strongly refractive. Wash out the solution of potash with 
water ; irrigate with concentrated sulphuric acid. The radial 
walls of the endodermis do not dissolve ; they are suberised. 

The bundles immediately within the endodermis are tangenti- 
ally elongated, and abut so closely upon one another as to form 



Fig. 166. — Ginger Rhizome, transverse section, through a bundle, 
with neighbouring parenchyma, oily oleoresin cells ; pig.y 
pigment cells; scl. /., sclerenchymatous fibres; v.y vessel. (Vogl.) 

an almost continuous circle. The remainder of the stele con- 
sists of thin-walled parenchymatous cells, with scattered oil 
cells, and more or less rounded fibrovascular bundles. 

Examine these bundles more carefully. They are collateral, 
and consist of a few vessels, mostly of considerable size, abutting 
upon bast tissue, the whole supported or surrounded by fibres 
with thickened walls. In some of the bundles one or sometimes 
two small cells filled with a brown homogeneous amorphous 
substance can be seen adjoining one of the vessels. 

Cut and examine longitudinal sections of the rhizome, 
selecting those that pass through the bundles. The parenchy- 
matous cells are axially elongated. The vessels are spiral, 
reticulated or scalariform (or intermediate between these). 
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The fibres have rather numerous elongated or cleft pits arranged 
in a left ascending spiral. 

The brown substance in the small cells above referred to is 
soluble in solution of potash and in chloral hydrate, and may 
therefore escape observation. Mount a fresh section in water, 
and remove this by filter paper ; drop on concentrated hydro- 
chloric acid, cover, and gently warm to expel air bubbles. The 
secretion cells are now very conspicuous ; they are narrow 
elongated tubular cells, which, however, are not continuous, and 



Fig. 167. — Ginger Rhizome, radial section through a portion of 
bundle, pig-f pigment cells ; v, vessel. (Vogl.) 


therefore are not seen in the transverse section of every bundle. 
These secretion cells are characteristic of Zingibereae. In this 
preparation numerous oil cells containing the oleoresin may 
be found. 

Isolate some of the fibres and vessels by maceration with 
potassium chlorate and nitric acid, and examine. The fibres 
vary both in length and shape. Some taper at the ends, others 
are rounded, others again are square. Sometimes they exhibit 
thin transverse divisions. The pits are not easily seen after the 
treatment with nitric acid ; they are better studied in longi- 
tudinal section (see above). 

Examine next the starch grains. Many of them are sack- 
shaped, ovoid or elongated-ovoid, flattened and more or less 
pointed at one end, but rounded at the other, the hilum being 
close to the apex of the pointed extremity and so eccentric as to 
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be almost invisible ; the smaller grains are often nearly circular. 
The striations are distinctly visible, especially in the larger 
grains, when carefully illuminated. 

The grains vary mostly from 20 to 30 /u in length, but some 
measure as much as 40 //-, while occasionally 50 [i is reached ; 
the thickness is generally from 5 to 10 jm. 

Proceed now to determine the distribution of the oleoresin 
cells. Cut a moderately thick transverse section, mount in 
glycerin, or dilute glycerin, and gently boil to expel air and 
to gelatinise the starch. Examine under a low power; the 
oleoresin cells are scattered throughout the cortex and stele ; 
they contain a pale-yellow oleoresin. 

A section similarly treated with solution of caustic potash 
also shows the oleoresin cells, but they will now contain a deep 
reddish-brown liquid in which globules of oil are visible, the 
resin having combined with the alkali to form a dark-coloured 
compound in which the globules of oil remain suspended. 

Powdered Ginger 

Examination of the Powder. — The student should now 
examine powdered ginger, with the object of identifying in it all 
those structural elements and cell contents that have been 
observed in the rhizome. 

Moisten a little powdered ginger with water ; allow it to 
stand a few hours, and then examine. The preparation con- 
tains abundance of starch grains ; examine these carefully, and 
compare with the starch grains of the rhizome ; they often 
appear granular from adhering particles of proteid matter, &c., 
from which they can be partially freed by mounting in very 
dilute (o-i per cent.) solution of potash. Most of the cells with 
yellow or brownish oleoresin are destroyed by the grinding, 
but a few remain intact. The sclerenchymatous fibres are 
pale yellowish in colour. 

To examine the sclerenchymatous elements present, it is de- 
sirable to get rid of the starch, and thus concentrate the vessels, 
fibres, &c., into a smaller compass. This may be done as follows : 

Mix 5 grammes of the powdered ginger with 50 c.c. of water 
and add 2 c.c. of the official hydrochloric acid (sp. gr. i*i6). 
Raise to the boiling-point, and boil gently for ten minutes. 
Then centrifuge for two minutes ; this suffices to separate all 
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the sclerenchymatous tissue and most ol the parenchyma. 
Wash once with water, separating again by the centrifuge. 
Stir the residue in a few cubic centimetres of solution of chloral 
hydrate and again separate by the centrifuge, pour off the 
chloral hydrate, and examine the deposit either in that medium 
or in glycerin. If a centrifuge is not at hand, the deposit 



Fig. 168. — Powdered Ginger, covk^ cork, in transverse section and 
surface view; coYt. par., cortical parenchyma; ep., epidermis; 

/., sclerenchymatous fibres ; oil, oil or oleoresin ; par., paren- 
chyma of stele; pig., pigment cells; st, starch; v., vessel. 
(After Greenish and Collin.) X150. 

obtained from the acid liquid may be washed with very dilute 
(about ‘5 to I per cent.) solution of potash, then once with water, 
and finally mounted in solution of chloral hydrate. 

The deposit will be free from starch, oleoresin, and proteid 
matter ; it will consist of the sclerenchymatous fibres, the 
vessels, and the debris of the parenchymatous tissue, all of 
which may be examined in this preparation. 
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The fibres exhibit their shape and their left-spiral pits ; the 
vessels are mostly reticulate, and vary from 30 to 70 yu, in dia- 
meter ; here and there the brown secretion cells that abut on 



Fig, 169. — Ginger Rhizome, fragments of sclerenchymatous fibres 
in the powder. x2oo. 

them may be detected ; the parenchymatous cells have very 
thin walls, those of the oleoresin cells being suberised ; the 
latter may be detected by staining with Soudan red. 

Galangal Rliizome 

Source. — The rhizome of Alpinia oficinarum, Hance. 
Preparation and Examination. — Galangal rhizome may be 
prepared and examined by the methods recommended for 
ginger, which drug it resembles in structure. Differences are 
to be found in the following particulars : 

{a) The starch grains are rather larger than those of ginger ; 
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many are club-shaped, others are reniform, some ex- 
hibit irregular protuberances. They are not flat- 
tened, as scitaminaceous starches usually are, and are 
distinctly striated. 

(b) The parenchymatous cells have thicker walls and are 

brownish in colour ; the secretion cells are numerous, 
and contain a dark reddish-brown oleoresin. 

(c) The bundles are more numerous than those of ginger, and 

therefore the powder contains more bast fibres and vessels. 



Fig. 172. — ^Turmeric Rhizome, transverse section, vessel; k, 
cork ; oe, oleoresin ; p, parenchyma of wood, containing masses 
of gelatinised starch. (Moeller.) 


Turmeric 

Source. — The rhizome of Curcuma longa, Linn. 

Turmeric resembles ginger and galangal in structure, but 
differs from both in the absence of bast fibres. It is further 
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characterised by the yellow colouring matter, which, however, 
is no longer restricted to particular cells, as it is in the fresh 
rhizome, but is distributed throughout the drug. This change 
is due to the scalding to which the rhizome is subjected, and 
this also causes the gelatinisation of most of the starch grains. 
Many of the parenchymatous cells, therefore, contain irregular 
yellow masses of gelatinised starch. Although most of the 
starch is swollen, here and there grains may be found that still 
exhibit the characteristic scitaminaceous shape. 

The yellow colour is changed to deep red by sulphuric 
acid, either concentrated or diluted with an equal volume of 
water or alcohol ; in the latter case the red substance pro- 
duced dissolves. This reaction, which is due to the action of 
the sulphuric acid upon the curcumin of the rhizome, forms 
a useful means of detecting powdered turmeric. 


SECTION XIII 


ROOTS 

INTRODUCTION 

Nearly all the roots used in medicine are derived from 
dicotyledonous plants, and hence bear, as might be anticipated, 
so close a resemblance in structure to dicotyledonous rhizomes 
that the methods of treatment that have been described 
for rhizomes are equally applicable to roots. It must be borne 
in mind that many drugs commonly called roots consist either 
entirely (rhubarb) or partially (liquorice) of rhizome, and that 
some roots pass gradually towards the upper part into rhizome 
(taraxacum), so that a mechanical separation of rhizome from 
root becomes impossible. While very young roots can without 
difficulty be distinguished from very young rhizomes by the 
relative position of the bast and wood bundles, this is by 
no means the case with older ones, in which this difference 
has become so obscured as, with few exceptions, to elude 
detection. Rhizomes frequently bear cataphyllary leaves, the 
scars of which are often visible in the dry drug ; these leaves 
are connected with the stele of the rhizome by meristeles 
that pursue a more or less oblique course through the cortex, 
and hence are often visible in a transverse section. Roots, 
on the other hand, are free from such leaf traces. Rhizomes, 
further, often contain a distinct pith, from which roots are 
free, but it must be remembered that many roots contain 
a central parenchymatous tissue practically indistinguishable 
from the pith of stems. 

Monocotyledonous roots differ essentially from dicotyle- 
donous in containing closed instead of open bundles ; they 
therefore usually exhibit clearly their primary structui*e. 
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Belladonna Root 

Source, — The root of Atropa Belladonna, Linn. 

Examination. — Select a small piece of starchy belladonna 
root about 5 to 7 mm. in diameter ; expose it to a moist 
atmosphere for a few hours. Cut transverse sections, and 
immerse them in alcohol. Examine one in dilute glycerin. 
There is an abundance of starch in the cells; examine this later. 

Clear a section by solution of potash (or by chloral hydrate), 
warming, if necessary, to exhibit the cork cells. The cork con- 
sists of three or four rows of tangentially elongated tubular 
cells, on the outside of which there is often a little granular 
matter (particles of earth) to be seen. 

Determine the position of the cambium, which is easily seen. 

The cortex, which is developed from the endodermis or 
pericycle, and is, botanically, • a phelloderm or secondary 
cortex, consists of parenchymatous cells with rather thick 
walls and large pits ; the walls have been swollen a little by 
the action of the caustic alkali, especially if the preparation 
has been warmed. There are numerous intercellular spaces. 
Near the cork the cells exhibit marked tangential elongation ; 
towards the cambium they become more nearly isodiametric. 

In the bast ring, which is not sharply delimited towards 
the outside, observe radially arranged groups of sieve tissue ; 
they may be recognised by the very small diameter of the cells, 
their thinner walls, and the absence of pits ; sieve plates 
may be detected by the corallin-soda reaction. There are no 
bast fibres. 

The wood within the cambium consists largely of thin- 
walled parenchyma, throughout which radially elongated 
groups of vessels are distributed. The centre of the root is 
occupied by the primary wood. 

The bundles contain a few (often 3 to 8) vessels, accom- 
panied by smaller elements the nature of which is not so 
evident (compare radial section). 

Most of the parenchymatous cells contain starch grains, but 
here and there a cell can be seen filled with a dark granular, 
often almost black, substance. Closer examination shows this 
to be sandy crystals, and the usual tests will indicate it to be 
calcium oxalate (compare Dulcamara, p. 86). 
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Exaiiune the starch m water. Most of the grains are com- 
pound, and consist of two or three component granules which 
vary considerably in size. The majority are Ibout 15 ^ in 



Root, transverse section, g vessels • m 
^ \ P®'’^®“ohyma of wood ; rp ^cortiSl mren- 

groups, with sieve tubes ■ C dark coT 
(Moelkr.r^® ® ‘crystals of calcium oxalate. 
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diameter, but some are minute, while others may attain 
exceptionally as much as 30 //-. 

Prepare now radial sections. Most of the parenchymatous 
cells are axially elongated. The vessels have pitted walls. 
The smaller elements associated with the vessels are mostly 



wood parencliyma cell, reticulated at one extremity, pitted at 
the other; v, vessel; sf., starch (in water). X200. 

tracheids passing by a series of intermediate forms into 
fibres, of which, however, but few are typical. Most of 
the tracheids are elongated, narrow, with blrmtly pointed 
extremities and numerous large rounded or oval pits, often 
arranged in a left ascending spiral.^ The latter form of tracheid 
is intermediate between the typical tracheid and the wood 
fibre ; in the wood fibres the pores are slits and are by no means 
numerous. The cells filled with sandy crystals are conspicuous 
and are axially elongated. ' ’’ 
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Marshmallow Root 


Source. — The root of Althcea o-fficinalis, Linn. 

Examine this in the same way as belladonna. Observe 
especially in the cortical portion, but also in the wood, bast 



Fig. 175. — ^Marshmallow Root, transverse section, h.f., bast fibres ; 
c., cambium ; muc.y mucilage cell ; 5., sieve tubes ; t;., vessels ; 
from a section cleared with potash. (Moeller.) 


fibres with small lumen and rounded or polygonal outline. 
The starch grains are about the same size as those of belladonna 
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root, but they are simple, elongated, ovoid, or reniform in shape. 
Calcium oxalate is present in the form of cluster crystals. 

In both cortex and wood there are numerous isolated 
parenchymatous cells filled with a colourless more or less 
transparent mass (mucilage). This can be stained red with 
ruthenium red in lead acetate. If a section is cut dry, mounted 
in alcohol or glycerin, and irrigated with water, the mucilage 
will swell, exhibit distinct stratification, and finally dissolve. 

In this root the shape and length of the bast fibres, the 
nature of the pits in the walls, &c., should be determined by 
radial sections as well as by isolation. 

Dandelion Root 

Source. — The root of Taraxacum officinale, Wiggers. 

Preparation and Examination. — Select for examination some 
small pieces of dandelion root which exhibit a pale interior 
when broken. Smooth the transverse surface and examine with 
a lens ; observe the small yellowish 
wood and wide cortex, the latter 
traversed by numerous narrow, dark, 
concentric rings (fig, 176). Reject 
pieces that exhibit a pith in the centre 
of the wood ; they are pieces of rhi- 
zome, into which the root impercept- 
ibly passes. Expose suitable pieces 
to a moist atmosphere until they 
are ready to cut (about twelve 
hours). Cut transverse sections, and transfer them to 
alcohol. 

Examine a section in water. The wood consists of yellowish 
vessels irregularly intermingled with thin-walled parenchyma. 
The nature of the vessels can be determined, if desired, by 
longitudinal sections, and by isolating the elements by means 
of potassium chlorate and nitric acid. 

Examine the cortical portion of the section. Many of 
the parenchymatous cells, or at least some of them, contain 
colourless amorphous masses of irregular shape. They consist 
of inulin (see later). Clear the section by gently warming 
(about 60 to 80° C.) ; the inulin dissolves completely without 
swelling (distinction from starch). 



Fig. lyG.-Dandelion Root, 
transverse section, a, 
bark; 6, wood; w, cam- 
bium. X 4. (Berg.) 
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The cortex of the root consists of thin-walled parenchyma 
hounded by a thin brown line of tegumentary tissue, which, 
after warming with potash, is seen to consist of a few rows of 
cork cells with brown contents. 

The concentric rings in the cortex, which are so conspicuous 
under a lens, are made up of a series of groups of small cells ; 



Fig. 177. — Dandelion Root, transverse section, c.y cambium ; 
lat.y laticifcrous vessels ; 0.5., obliterated sieve tubes ; par., 
parenchyma of cortex ; 5., sieve tubes ; 71., vessel ; w. par., 
wood parenchyma. (Tschirch.) 


these groups are separated from one another by a few parenchy- 
matous cells. 

Examine one of these groups closely under the high power. 
Some of the small cells contain a brownish or nearly black 
granular substance. These are laticiferous vessels. 

Stain a cleared section with corallin soda. In some at least 
of the cells that were apparently empty a bright pink mass will 
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be seen. This is a callus plate, and indicates that the element 
is a sieve tube. 

Further elucidate the nature of these elements by preparing 
tangential sections as follows : Cut off a piece of root about 
5 mm. long, and shave off longitudinally about one half of 
the cortex, taking care to keep 
the plane of the cut surface . 
parallel to the long axis of the 
root ; this is easily done by 
observing that the dark longi- 
tudinal lines (sections of the 
concentric rings) on the tan- 
gential section are kept parallel 
to one another and do not 
converge ; then with the razor 
cut tangential sections until one 
of the concentric rings is reached 
and passed. Transfer these sec- 
tions to water ; clear as before. 

The tissue consists largely of 
axially elongated parenchyma- 
tous cells, through which there 
runs an anastomosing network 
of laticiferous vessels with brown- 
ish granular contents ; they can 
be seen to have lateral anasto- 
moses with neighbouring vessels. 

Stain a cleared section with 

corallin soda ; the callus plates 

of the sieve tubes stain pink ; 

the latter are numerous, and 178.— Anastomosing laticifer- 

, . - , ous vessels of Dandelion Root. 

their sieve plates are often ar- X140. (Vogi) 
ranged in rows. With care the 

course of the sieve tubes may be followed ; they accompany 
the laticiferous vessels. 

Digest some tangential sections for a few minutes with 
solution of potash in a water-bath. The vessels can be teased 
out and their anastomoses easily seen. 

Mount a thin tangential section in water. The chief 
content of the parenchymatous cells is inulin ; observe it 
closely. The lumps are colourless, and vary very much in size 
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and shape. Sometimes there is only one in the cell, sometimes 
several. Not infrequently they exhibit a more or less distinct 
sphaerocrystalline structure ; in other cases the latter is much 
less perceptible. Test them with iodine water ; they fail to 
react. Warm the section very gently in water ; they dissolve 
without swelling. 


m.r. 



Fig. 179. — Chicory Root. I., transverse section ; lai.j laticiferous 
vessel ; m.v.j medullary ray ; bast ; v.y vessel ; x.par., 
wood parenchyma. II., radial section of vessels. III., 
laticiferous vessel isolated by maceration with potash. X220. 


Chicory 

Source. — The root of Cichorium Intybus^ Linn. 

Examination. — Chicory root closely resembles dandelion 
root in structure, but it is usually much larger in size and 
not so easy to examine. 
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Procure from a grocer some raw chicory roots. Prepare 
them for cutting by soaking for fifteen minutes in water, 
and then hardening for three or four hours in alcohol. Cut 
sections with a razor flooded with alcohol, and transfer them to 
alcohol. Take care that they include part of the wood as well 
as of the cortical portion. Transfer one to a slide, mount in 
water, and clear with chloral hydrate. 

Observe in the wood the largely developed thin-walled 
parenchyma in which large vessels are distributed, mostly in 
radial lines one or two vessels wide. The cortical portion also 


sch 



Fig. 180. — Chicory Root, radial section of cortex, bp, bast paren- 
chyma ; w, medullary ray ; rp, cortical parenchyma ; sch, 
laticiferous vessels, x 160. (Moeiler.) 

consists largely of parenchyma. The bast rays are narrow, and 
alternate with wide medullary rays. In the former groups of 
sieve tubes and laticiferous vessels alternate with groups of 
bast parenchyma. 

Examine tangential sections of the cortex ; observe the 
anastomosing laticiferous vessels accompanied by narrow sieve 
tubes with small transverse plates, resembling those of the 
dandelion. Stain with corallin soda. 

From a potash maceration preparation tease out the latici- 
ferous vessels and examine them. 

Examine also the vessels in radial or tangential sections of 
the wood. 
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Examination of Ground Roasted Chicory 


Prociirc some ground roasted chicory ; if in very coarse 
fragments, reduce these in a mortar to a finely granular powder. 

Decolourise a portion with solution of chlorinated soda 
and w'ash. Mount a little in dilute glycerin for examination. 
The parenchymatous cells and the reticulate or pitted 
vessels are very distinct, but the laticiferous vessels are not 



Fig. i8i. — Chicory Root, fragments from the powder. A, portion 
of the cortex in longitudinal section, showing the sieve tubes, 
s, with sieve plates. J9, portion of the wood in longitudinal 
section, showing the vessels ; X70. C, portions of the walls of 
the vessels. X240. D, fragment of parenchyma of cortex 
with laticiferous vessels. X120. (Schimper.) 


conspicuous ; they must be carefully looked for. Stain a portion 
of the decolourised powder with Soudan red ; the laticiferous 
vessels are now more easily seen, as their contents stain, more 
or less satisfactorily, red. Stain another preparation with tinc- 
ture of alkanna diluted with an equal volume of water, allowing 
twenty-four hours for the absorption of the stain. This 
method sometimes affords better results than the Soudan red. 
Stain another portion with corallin soda ; the callus plates 
stain pink, but fragments of sieve tissue staining with corallin 
are not very numerous in the powder. 

Another portion of the ground chicory may be digested 
with solution of potash in a water-bath for fifteen minutes, 
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washed, and examined in glycerin or chloral hydrate. This 
preparation often affords good results. 

The following are the diagnostic characters of chicory root : 

[a] Abundant parenchymatous tissue in wood and cortex. 

(&) In the cortex, laticiferous vessels and numerous small 
sieve tubes with transverse plates. 

(c) In the wood, vessels of considerable size with large pits. 

Ipecacuanha Root 

Source. — The root of Psychotria Ipecacuanha, Stokes. 

Preparation and Examination. — Select several typical pieces 
of Brazilian ipecacuanha root, and soak them in water or dilute 
glycerin until sufficiently 
soft to cut (twenty-four 
hours or more) . Cut trans- 
verse sections, and treat in 
the usual way. 

Examine one in water ; 
it contains abundance of 
starch ; remove this by 
clearing. 

The tegumentary tissue 
consists of several rows of 
thin-walled flattened cells 
containing a brown granular 
substance, to which the 
dark-brown colour of the 
root is due ; in surface 
view these cells exhibit an 
irregular polygonal outline. 

The parenchymatous tissue that follows the cork is secondary 
cortex and consists of rounded or polygonal cells that are often 
axially elongated and exhibit few intercellular spaces. It 
passes, without any visible line of demarcation, into the bast 
ring, the bast itself forming wedge-shaped groups of cells, 
recognisable by their smaller size and by the difference in the 
cell walls. Here and there in the secondary cortex and bast are 
cells filled with what often appears to be a granular substance, 
but which, on closer examination, especially of radial sections, 
proves to be acicular crystals of calcium oxalate. 



Fig. 182. — Ipecacuanha Root, transverse 
section, showing dense wood and large 
cortex. Magnified. (Planchon and 
Collin.) 
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The wood consists almost entirely of small elements, vessels 
not being distinguishable. The medullary rays are not con- 
spicuous, all the cells of the wood showing, in transverse 
section, about the same radial elongation. 

Stain a section, before clearing, with solution of iodine ; 
more or less regular radial lines of cells, containing abundance 



Fig. 183. — Ipecacuanha Root. I, transverse section of the cortex, 
with part of the wood ; cork ; par.y parenchyma of cortex ; 
ph.y phellogen ; n, raphides. II, portion of the same, more 
highly magnified ; c., cambium ; w.y wood. (After Tscfxirch.) 

of starch, can be detected. These cells probably correspond to 
medullary rays and perform the function of such. A tangential 
section of the wood shows that they are strongly axially 
elongated and bear simple pits, but otherwise are not strikingly 
different from the other elements of the wood. 

Macerate some fragments of the wood with potassium chlorate 
and nitric acid ; examine the cells of which it consists. Vessels, 
at least typical vessels, are not to be found, but there are 
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numerous tracheids and fibrous cells. The tracheids (fig. 184, 
tr.) have more or less pointed ends and oblique transverse 
walls, in which a perforation may generally be detected. The 
pores are commonly oval ; they ascend in a left spiral, and are 



bordered. The fibrous cells have sht pores also arranged in a left 
spiral. They differ from ordinary wood fibres chiefly in the fact 
that they contain starch, and hence are not solely mechanical in 
their function. In addition to these two forms of cells, typical 
wood parenchyma (fig. 184, par.) may be found, as well as cells 
that are intermediate in character. True vessels are absent. 
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Examine next the starch grains ; these can easily be 
separated by scraping the cut surface of a dry root. They are 
mostly compound. The component grains number commonly 
from two to four, occasionally as many as eight or even more, 
and are most frequently muller-shaped, with one or two flat 
surfaces. The hilum is usually a distinct point, or its position 
may be indicated by a simple or triangular cleft. In length 
the grains occasionally reach 12-5 ytt, but never exceed 15 //,. 

Proceed next to examine the powdered drug. Mount a 
little in water or dilute glycerin, and examine the starch grains. 



Fig. 185. — Starch of Brazilian Ipecacuanha Root. X750. 


Note the presence here and there of an acicular crystal of 
calcium oxalate and of fragments of parenchymatous cells, as 
well as of wood. The details of the latter cannot well be 
identified without further preparation. 

Mix about 0-5 gramme of the powder with 5 c.c. of water, 
and raise the mixture to the boiling-point, so as to gelatinise 
the starch ; add 10 c.c. of nitric acid (sp. gr. 1*42) and about 
0*5 gramme of potassium chlorate. Warm gently for about five 
minutes, taking care that the action is not too vigorous. Dilute 
with about an equal volume of water, and separate by the 
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centrifuge the tissues that have resisted destruction ; wash once 
with water, separating by the centrifuge as before ; then treat 
with a few cubic centimetres of chloral hydrate for a few 



Fig. 186.— Brazilian Ipecacnanlia, elements of stem wood, /.c., 
fibrous ceUs ; p., Hgnified ceUs of pith ; par., parenchymatous 
cells; scl., sclerenchymatous cells; sp., spiral vessel. X250. 

minutes, and separate again. Pour off the chloral hydrate 
solution, and examine the residue either in water, dilute 
glycerin, or chloral hydrate. No elements, especially no 
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sclerenchymatous elements, but those previously found in the 
root should be present. The characteristic tracheids of the 
wood can be well seen and identified, but the perforations in 
the oblique walls are sometimes difficult to find. Parenchyma 
that has escaped destruction is fairly abundant, and numerous 
fragments of cork may be found. The tracheids may be 
separated from one another by gently pressing upon and at 
the same time sliding the coverslip. 

Ipecacuanha powder frequently contains a considerable 
proportion of the erect stem ; this betrays itself (i) by the 
sclerenchymatous cells of the pericycle, (2) by the lignified cells 
of the pith, and (3) by the spiral vessels of the protoxylem. 

Cartagena ipecacuanha, which is sometimes substituted for 
the Brazilian, is chiefly to be distinguished by its starch grains, 
which are, as a rule, larger than those of the Brazilian root. 
Large grains frequently attain 17 to 22 [jl, the latter figure 
being rarely exceeded, whereas, in the Brazilian root, 15 yu, is the 
maximum. It must, however, be observed that the size of the 
starch grains is somewhat variable, the maximum size being 
attained in the largest roots ; hence, small roots of Cartagena 
ipecacuanha and large roots of the Brazilian drug contain 
starch grains of approximately the same size, and the powders 
derived from such roots cannot, therefore, be distinguished by 
this means. 

The powder of any root that contains vessels in its wood 
can be easily detected by the presence of these in the scler- 
enchymatous tissue separated by treatment with potassium 
chlorate and nitric acid. 


Liquorice Root 

Source.—The dried root of Glycyrrhiza glabra, Linn. 

Preparation and Examination of Sections. — Select a thin, 
unpeeled Spanish liquorice root, cut off a piece about 2 cm. 
long, split it longitudinally into four, and soak the fragments for 
a week or more in dilute glycerin. Embed one in pith and 
cut transverse sections, taking care that some at least shall 
extend from the cork to within the cambium ; transfer them 
to dilute glycerin or to water. Mount one or two in dilute 
glycerin. 
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Examine with the low power. Observe the reddish-brown 
cork, the groups of bast fibres in the secondaiy bast, the large 
vessels with thick yellow walls, and the groups of sclerenchy- 
matous fibres in the wood. The parenchymatous cells con- 
stituting most of the remaining tissue are packed with small 



Fig. i«7.— LiquoritcjRoot. Diagrammatic tran-sversc section. X40. 

starch grains. The cambium is usually inconspicuous. Near it 
in the secondary bast, note the large groups of sieve tissue' 
recognisable by the small irregular cells with wavy walls! 
Between these and the cork, strands of collapsed sieve tissue 
(fig. 187) can be detected. 

Examine with the high power. The cork consists of numerous 
(10 to 20 or more) rows of narrow cells. The outer are filled 
with a reddish-brown, amorphous substance, the inner three or 
four rows have rather thicker, colourless walls and are empty ; 


ROOTS 


336 

abutting on the phellogen are usually one or two layers of 
phelloderm in which single isolated crystals of calcium oxalate 



Fig 188 — Liquorice Root, transverse section of cork with portion 
of cortex, ph., phellogen; calc, ox.y calcium oxalate. X240. 


may be foimd. Note the thin walls of the parenchymatous 
cells. Further details are best examined after clearing. 

Clear a section by gently warming with solution of chloral 
hydrate. Observe in the cortex isolated crystals of calcium 



■piQ 189.— Liquorice Root, transverse section of portion of bast ring. 

6./., bast fibres; cryst.y crystals of calcium oxalate; m. ray, 
medullary ray. X240, 

oxalate in small cells. The colouring matter in the cork cells 
dissolves and the cell walls can be easily seen. 
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Examine the bast fibres ; they are much thickened, the lumen 
being generally reduced to a point ; the middle lamella is very 
distinct. Abutting on the fibres are crystal cells. 

Examine the vessels ; note the very thick yellow wall. Each 
vessel is surrounded by a ring of smaller elements with thinner, 
yellow walls (tracheids and sclerenchymatous cells) . The scleren- 
chymatous fibres of the wood resemble the bast fibres. The 

— cam>hium 
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U'lG. 190. — Liquorice Root, transverse section of vessel and adjacent 
wood parenchyma. X240. 


medullary rays are usually three to five cells wide. Both these 
cells and those of the parenchymatous tissue have thin walls. 

From one of the soaked pieces of root cut off a fragment about 
5 mm. long and from it cut longitudinal sections. Clear with 
chloral hydrate. Examine the vessels, which are very con- 
spicuous. Each is composed of short constituent elements; 
the largest bear very conspicuous, closely packed, oval, bordered 
pits with narrow slits ; others exhibit transversely elongated 
oval pits or may be reticulated. In favourable portions the 
adjacent tracheids and thickened parenchymatous cells may be 
observed. Examine also the sclerenchymatous fibres. Note 
the absence of pits, and the presence of abundant crystal cells 
abutting on the fibres. Examine one or two of the crystals 
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Fig. 191. — Liquo- 
rice Root, starch. 
X240, 


where they are best seen ; each crystal is surrounded by a 
thickened, lignified wall (phloroglucin reaction). The walls of 
the vessels, tracheids and thickened paren- 
chymatous cells are also strongly lignified, 
but in the groups of sclerenchymatous 
fibres it is only the middle lamella which 
is strongly lignified. 

From a portion of the dry root scrape 
a little powder, mount in water, and ex- 
amine the starch. The grains are single 
(very seldom compound), rounded, oval 
or irregularly four-sided ; in the centre 
is a punctiform hilum or an elongated 
linear or oval cleft ; the grains reach 18 /6 
in length, but the majority vary from 3 to 10 //.. 

Examination of Powdered Liquorice Root. — Mix a little 
of the fine powder of commerce with {a) water ; ( 5 ) dilute 
glycerin ; and (r) solution of chloral hydrate. The first may 
be examined after standing an hour, but {b) and (c) should 
be allowed to stand from twelve to twenty-four hours. 

Mount a little of (a) in water, taking care not to take too 
much of the material. Examine under the low power and note 
the yellowish colour of the larger fragments (vessels and 
sclerenchymatous fibres). Examine with the high power. 
Observe the abundant starch grains ; in many samples of 
commercial powdered liquorice root a number will appear 
gelatinised in the centre or partially disintegrated (the result 
of overheating). Observe also numberless minute granules 
which stain yellow with solution of iodine in potassium iodide ; 
they are protoplasmic granules. Crystals of calcium oxalate 
may also be found ; they are fairly numerous; but many 
are broken, and then can best be detected by the use of the 
polariser. Flat, irregular, almost transparent pieces of the 
walls of parenchymatous cells are abundant ; most of them 
exhibit their surfaces, but some show their sections, and it will 
then be seen that they are thin. Fragments exhibiting both 
surfaces and sections may readily be found as well as the 
junction of two or more cells. Large groups may also be found, 
the cells of which are still filled with starch grains. 

In addition to the above, small and large fragments of 
vessels are frequent ; they are yellowish in colour and 
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exhibit pits, but they are better examined in the chloral hydrate 
preparation. 

The sclerenchymatous fibres are also readily found. The 
groups, which are usually broken transversely, are yellowish in 



Fig. 192. — Powdered Liquorice Foot, h.par., bast parenchyma ; 
oorki, cork^i cork in surface view and in section ; cr., crystals 
of calciuin oxalate ; w.r., medullary ray ; p.c., fragments of 
cells of cortical parenchyma ; cortical paren- 

chyma in transverse and in longitudinal section ; p.w.^ paren- 
chyma of wood ; scl.f^i sclerenchymatous fibres ; s.t., sieve 

tissue ; st.^ starch ; v., vessel. (Partly after Greenish and 
Collin.) X150. 


colour and are generally accompanied by crystals of calcium 
oxalate ; some of the fragments are more or less distorted 
and disintegrated by the grinding, and numerous portions of 
separated fibres may be found ; these are also best examined 
in the chloral hydrate preparation. 

Mount a little of (b) in dilute glycerin and examine. 

22 * 
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The fragments of tissue are clearer, but the starch grains do 
not show their details so weU. Examine more especially the 
larger groups of parenchymatous cells. 

In preparation (c) the starch grains will have been 
gelatinised and many of the protoplasmic granules dissolved. 
The characteristic pits on the vessels can be readily seen. 
The groups of bast fibres with their accompanying crystals 
are very conspicuous ; occasionally portions of a single fibre 
may be seen, while shreds and fragments of fibres that have 
been disintegrated by the grinding are frequent. In favourable 
instances the thickened membrane enclosing the calcium 
oxalate crystal can be discerned. The groups of parenchy- 
matous cells, now freed from starch, are quite clear ; fragments 
of these groups of various sizes are abundant and are more dis- 
tinctly seen than in [a), but the pits are less readily visible. 
The large rounded cells of the parenchyma of bast and wood, 
with intercellular spaces, can be distinguished from the 
radially elongated cells of the medullary rays. 

In none of the preparations are fragments of cork to be 
found, as the powder is prepared from decorticated root. 

Gentian Root 

Source. — The dried root of Gentiana lutea, Linn. 

Preparation and Examination of Sections. — Select three 
or four gentian roots about i cm. in diameter and cut from 
each a piece about z cm. long. Soak these in distilled water 
for two days, then transfer them to 45 per cent, alcohol for 
twenty-four hours, and finally to 75 per cent, alcohol, in which 
they can remain till required. Air-dry gentian root, or root 
that has been exposed to a moist atmosphere for a day or two, 
is in a very suitable condition for section-cutting, but the 
parenchymatous cells are much collapsed and do not readily 
resume their normal shape when the sections are transferred to 
water, thus rendering the structure difficult to understand. 

Cut transverse sections, using a razor moistened with the 
alcohol; take care to include the cork, the bast ring and 
part of the wood. Transfer them to 70 per cent, alcohol. 
Mount one in dilute glycerin and examine under the low power. 

On the outside is a narrow layer of cork the individual 
cells of which are not very distinct. 

Mount another section in solution of chloral hydrate, warm 
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geatly and examine first with the low and then with the high 
power. The cells are large, strongly tangentially elongated 
and thin- walled ; they contain globules of oil with an occasional 
small crystal of calcium oxalate. 
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Fig. 193. — Gentian Root, i, transverse section of cortical cells 
(near the cork) with crystals of calcium oxalate ; 2, of outer 
portion of bast ring, showing distinct nucleus ; 3, of cambium 
with adjacent hast parenchynia and wood ; 4, radial section of 
parenchyma ; 5, transverse section of portion of wood with 
sieve tissue, s.l. All after prolonged soaking in dilute glycerin ; 
in 5 mncli of the calcium oxalate and oil omitted. x 240. 

Proceed with the examiaatiori of the dilute glycerin pre- 
paration. The narrow cortex consists of strongly tangentially 
elongated thick-walled cells (fig. 193, i), containing a granular 
substance (to be examined later). The hast ring is wide. 
As the middle portion is approached the cells become rather 
larger, more rounded, the walls thinner, and intercellular spaces 
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conspicuous (fig. 193, 2) ; towards the cambium the cells 
and the intercellular spaces diminish in size (fig. 193, 3). 
Groups of small-celled sieve tissue are scattered throughout 
the bast ring, but they are inconspicuous and require careful 
search. Neither sclerenchymatous cells nor fibres are present, 
nor can medullary rays or bast rays be distinguished. 

Within the cambium is the wood, which consists chiefly 
of parenchymatous tissue resembling that of the bast ring and 
containing similar groups of sieve tissue ; the vessels are 
large (50 to 100 /x) and either scattered or in groups exhibiting, 
especially near the cambium, a more or less distinct radial 
arrangement (fig. 193, 5). 

The contents of the parenchymatous cells should be examined 
in sections prepared from a drug that has not been subjected 
to prolonged treatment with water and alcohol. From an 
air-dry root, or one that has been kept for a day or two in a 
moist atmosphere, cut transverse sections. Mount one in 
dilute glycerin, warming gently, if necessary, to expel air. 
Examine the cell contents. Small globules of oil are more 
or less abundant ; they may be stained by immersion for 
half an hour in diluted tincture of alkanna. Many of the cells 
contain numerous granules which stain with solution of 
iodine in potassium iodide ; they are protoplasmic granules. 

For further examination of the cell contents defat some 
sections in a small tube or dish with ether-alcohol, transfer 
to alcohol, mount in water, and replace the water by solution 
of chloral hydrate. Examine under the high power. In some 
of the parenchymatous cells minute prismatic crystals of 
calcium oxalate will be found. These crystals vary much 
in quantity and distribution, being sometimes present in 
great numbers and in many cells, sometimes in small numbers 
and in few cells. They may often be found in the cells of 
the cortex near the cork. They are very characteristic. 

Next cut radial sections from the air-dry root ; clear with 
chloral hydrate as above described. Examine the vessels ; 
they bear large transversely elongated pits or are reticulately 
thickened. Examine also the parenchymatous tissue for 
calcium oxalate, which is usually more conspicuous in a radial 
than in a transverse section (fig. 193, 4). Occasionally a strand 
of sieve tissue may be found in the radial section. 

Expand a defatted section in water and replace the water 
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by chloral iodine. Observe the absence or almost total 
absence of starch. 

Examine a defatted section in dilute glycerin ; note the 
large cell-nucleus which is often conspicuous. 

Examination of the Powder.— Mix a little powder (a) vdth 
water and (b) with dilute glycerin and set them aside for several 



Fig. 194. — Powdered Gentian Foot, h.pari.y h.par^.y bast parenchyma 
in longitudinal and In transverse section ; c.pari.y c.par-j-, 
cortical parenchyma, in longitudinal and in transverse section , 
coLy collenchymatous cells ; cork ly cork^y cork in surfa^ view 
and in section ; crystals of calcium oxalate ; w.r., meduhary 
ray; w., nucleus; of/, oily globules ; 5.^., sieve ^bes; 
wood parenchyma ; y., vessel. After Greenish and Collin. 

X150. 


hours. Defat a little by shaking it with ether-alcohol ; pour 
off the ether-alcohol, transfer the powder to a small dish and 
allow it to dry. Mount a little in solution of chloral hydrate (c). 

Examine {a) first. Note the numerous mmute protoplasmic 
granules similar to those seen in the transverse sections r 
globules are scarcely to he found even after treatment with 
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tincture of alkanna, the oil having apparently been dis- 
tributed over the tissue by the grinding. Observe in the 
water preparation numerous small, irregular, transparent 
fragments of the cell walls showing usually their surface but 
sometimes their sections ; in the latter case the thickness of the 
wall should be noted and compared with the walls in the entire 
drug. Larger fragments showing two or three adjoining cells 
with an intercellular space may also be seen. Note also the 
colour which is pale yellowish-brown in the larger pieces ; 
small fragments are colourless or nearly so. 

Examine next the dilute glycerin preparation {b). It is 
clearer. The outlines of the cells in the larger fragments can 
be distinguished. Observe the great variety ; they are 
mostly elongated, but the walls vary much in thickness and, 
while some cells are more or less collapsed, others are expanded ; 
many show intercellular spaces. Fragments of the vessels with 
the characteristic reticulated, annular or occasionally pitted 
walls may also be seen. 

Examine lastly the chloral hydrate preparation (c). In 
this the larger fragments are still clearer ; the characteristic 
calcium oxalate crystals are more easily found in this prepara- 
tion than in either of the preceding, and the walls of the vessels 
are better cleared for examination. 

Note particularly in the powder the absence of starch grains 
and of any sclerenchymatous cells or fibres. 

Fragments of the cork showing usually the surface view are 
to be found, but they require diligent search. 

The chief diagnostic characters of powdered gentian are : 

{a) The abundant, rather thick- walled parenchymatous cells 
often containing minute crystals of calcium oxalate 
and a little oil, but no starch. 

{b) The absence of sclerenchymatous cells or fibres. 

(c) The large reticulated, scalariform or annular vessels. 


Calumba Root 

Source. — The sliced, dried root of Jateorhiza Calumba, Miers. 

Preparation and Examination of Sections. — Cut a slice of 
calumba root radially into five or six pieces ; expose these for 
several days to a moist atmosphere. Smooth the transverse 
surface of one of them and note the position of the cambium. 
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Cut a piece about 5 mm, wide and 10 mm. high, embracing the 
cork and the cambium. Embed in pith, cut transverse sections 
and keep them in a small dish. 

Transfer one or two to a slide ; moisten with alcohol, mount, 
after a minute or two, in water and examine. The tissue con- 
sists almost entirely of large parenchymatous cells filled with 
starch. On the outer side there is dark brownish-yellow layer 
of cork, the details of which are not readily seen ; on the 
inner side the cambium and a small portion of the wood may be 
visible. 

Mount a section in solution of chloral hydrate and warm 
gently. The cork expands ; there are numerous rows of 
typical thin- walled cork cells which, in some roots, are inter- 
rupted by bands of cells of less regular shape. The parenchy- 
matous tissue consists of large thin- walled cells, tangentially 
elongated near the cork, but becoming radially elongated in 
the bast ring. Traversing the parenchyma from the cambium 
to near the cork are narrow lines of sieve tissue, which is 
collapsed, except in the portion abutting on the cambium. 
Close under the cork are sclerenchymatous cells conspicuous by 
reason of their bright yellow walls. Examine these carefully. 
The walls are usually irregularly thickened, one of them being 
thinner than the others or even not thickened at all ; they are 
coarsely pitted. In the cell cavity prismatic crystals of calcium 
oxalate are usually visible and are often conspicuous ; they are 
well defined, sometimes large, two or three completely filling the 
cell, sometimes small. The distribution of these cells is irregu- 
lar ; in some sections but one or two may be visible, in others 
several may occur close together. Large nodules of calcium 
oxalate occasionally occur just below the cork. No scleren- 
chymatous fibres are to be found. From the transverse 
surface scrape a little powder, mount in water and examine 
the starch. The grains vary much in size, the large from 20 
to 70 fi and the small from 8 to 20 //. ; they are mostly simple, 
and irregularly ovoid, pear-shaped or rounded with a con- 
spicuous cleft or stellate hilum. Compound grains with from 
two to six small component grains may be found. 

Cut now from the root a piece that shall include the cambium 
and part of the wood. Treat as before. Here too the tissue 
consists chiefly of large, thin-walled, parenchymatous cells 
packed with starch grains. The vessels are large, with 
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moderately thick yellow walls, and are arranged in radial 
groups and lines ; they are accompanied by small vessels. 



Fig. 195, — Powdered Calumba Root. 6^., 60., bast in longi- 
tudinal and transverse section ; c.par.y cortical parenchyma ; 
corki, cork^^ cork in surface view and in section ; cr.^ crystals of 
calcium, oxalate ; m.r.j medullary ray ; scl.j sclcrenchymatous 
cells ; st.^ starch ; v., vessel ; w.par., wood parenchyma. 
(After Greenish and Collin.) XI50. 

interspersed with which are cells with thin walls exhibiting 
at most but slight lignification. 

Cut also radial or tangential sections through the wood near 
the cambium. Clear with chloral hydrate and examine the 
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vessels. The walls are reticulately thickened or exhibit trans- 
versely elongated or occasionally oval pits. 

Examination of Powdered Calumba. — Mix a little finely 
powdered calumba root with {a) water, and (6) chloral hydrate ; 
allow them to stand in well-covered watch-glasses for several 
hours. 

Examine (a) first. Conspicuous everywhere are the starch 
grains which, in commercial powders, often show traces of 
overheating. Large and small portions of the walls of the 
parenchymatous cells are abundant ; most of them exhibit their 
surfaces, but some show their profiles and allow of the thickness 
of the wall being noted ; here and there fragments including 
the junction of two or more cells may be found. Granules of 
protoplasm are abundant and occasionally a crystal of calcium 
oxalate may be met with. Sclerenchymatous cells, broken or 
entire, in the latter case containing calcium oxalate crystals, 
although not abundant, are readily detected by their bright 
yellow colour. Fragments of the vessels, not quite so bright in 
colour, are frequent, and so are also groups of vessels. Portions 
of the cork may be recognised by their brownish colour, but the 
cells are not very readily distinguished. 

Examine (6). If the preparation has stood long enough, the 
starch will be gelatinised, otherwise this can be effected by 
gently warming. The sclerenchymatous cells and the vessels 
have lost much of their colour, but are clearer ; the calcium 
oxalate crystals are more distinct. The cells of the cork have 
expanded, and portions exhibiting the section as well as the 
surface may be found ; in the latter the tiers of cells are usually 
distinct ; they vary from yellowish to brown in colour. 

The chief diagnostic characters of powdered calumba are : 

(a) The starch grains. 

(&) The yellow sclerenchymatous cells with calcium oxalate. 

(c) The yellow vessels. 
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SECTION XIV 

ADULTERANTS OF FOOD AND ? 

DRUG POWDERS ; 

r 

The systematic microscopical examination of commercial !• 

food and drug powders has revealed the more or less frequent | 

recurrence of a number of less valuable substances used for ■ 

the purpose of sophistication. Such substances, suitably I 

adjusted in the fineness of their powder if simple, or in their ■ : 

composition if mixed, have from time to time been openly 1. 

offered for sale in large quantities. They generally consist I 

of by-products obtained in various industrial operations 
and are of inferior value, if not absolutely worthless, as either 
foods or drugs. The more important of these adulterants 
may be classified as follows ; 

(i) By-products obtained in the milling of wheat, barley, 

rice, oats, rye and maize ; bran, &c. ; maize cobs 

(cob meal) . 

(ii) The cake produced in the extraction of certain fixed 

oils ; linseed, ground-nut, almond, rape, cocoa-nut, 

palm-nut, and others. 

(iii) Shells obtained in shelling nuts : almond, walnut, 

cocoa-nut, hazel-nut and others. 

(iv) Seeds, &c. ; date stones, acorns, olive stones, chestnuts, 

beans, peas, &c. i 

(v) Various woods : pine-wood, quassia-wood, red sanders- j 

wood, &c. J 

(vi) Exhausted residues : spent ginger, cinnamon, oak bark, i 

&c. ■ 

(viii) Inferior dried fruits ; pears, apples, &c. 

In the following pages the attention of the student will be 
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directed to the leading characteristics of some of these 
adulterants. 

L — Cereal By-Products 

Apart from the valuable diagnostic features of the starch 
grains (figs. 8 to ii), the chief distinctive characters are 
the following : ^ 

(a) Wheat . — The walls of the epidermal cells are straight 
and fairly regular. The transverse cells have straight 
thick walls with regular, distinct pits ; the ends of 
these cells are seldom rounded and there are few 
intercellular spaces. The cavities in the hairs are 
usually abruptly enlarged towards the base. 

il) Barley . — ^Very sharply characterised by the never-faihng 
epidermis of the paleae, the cells of which have very 
sinuous walls and are interrupted by crescent-shaped 
single or twin cells or circular cells sometimes elongated 
into very short conical hairs. Below the epidermis is a 
layer of fibrous cells. The hairs are thin-walled and 
conical. The transverse cells have abundant inter- 
cellular spaces. The aleurone layer is two or three 
cells thick. 

[c) Rice . — ^The by-product obtained in polishing husked rice 

is used as a source of rice starch, but it is also met 
with as an adulterant. In addition to the starch, it con- 
tains the thin pericarp characterised by its regularly 
arranged cells with wavy walls. The transverse cells 
are loose, very long and narrow, and crossed at right 
angles by tubular cells. 

The husks (paleae) are often employed as packing 
material, and also find their way into powders. They 
are readily recognised by the very characteristic cells of 
the outer epidermis, which resemble those of barley but 
have much deeper indentations. The epidermis also 
bears long, conical hairs. The cells of the inner 
epidermis are polygonal (fig. 196). 

[d] Oat.—Th^ cells of the epidermis are elongated and 

have thin, delicately pitted walls ; the hairs are long, 


^ Compare Greenish, and Collin, Anatomical Atlas of Vegetable Powders. 
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thin-walled and often in pairs. The paleas, if present, 
may be identified by the elongated cells of the epi- 
dermis, with wavy walls of varying thickness ; these 
cells are interrupted by small twin cells, one of which 
is crescent-shaped, or by circular cells or by scattered 
shortly-conical hairs (50 /j,). Below the epidermis 
is a fibrous hypoderma followed by stellate paren- 
chyma. 

(e) Rye. — The epidermal cells resemble those of wheat, but 
are thinner and less regularly pitted. The ends of 



Fig. 196. — Rice husk, surface view of tissues, outer epidermis ; 

inner epidermis ; /, fibrous hypoderma ; parenchyma ; 
stOf stoma; t\ hairs; x, deeply sinuous wall of outer 
epidermis cell ; y, scar of hair. (A. L. Winton.) 


the transverse cells are mostly rounded, leaving 
distinct intercellular spaces; the walls are scarcely 
pitted. The cavities in the hairs usually taper 
gradually. 

(/) Maize . — ^The epidermis consists of polygonal pitted 
cells, next to which is a layer of similar but rather 
longer cells with somewhat thicker walls. These 
are followed by fibrous cells with strongly thickened 
walls which are not pitted. The tubular cells are 
smaller, more numerous and closer together than they 
are in wheat. 
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The spindle and palese are characterised by the abundance 
of pitted cells with more or less strongly thickened 
and lignified walls. 


11. — Oil Cake 

(a) Linseed . — See p. 206. 
ip) Almond . — See p. 240. 

(c) Ground Nut . — The pressed seeds of Arachis hypogcea, L. 
The cake is sharply characterised by the epidermal 
cells of the seed coat which, in surface view, exhibit 



Fig. 197. — Ground Nut, transverse section of seed. 5 , Seed coats • 
aep, outer epidermis ; fi, pA, parenchyma ; g, fibrovascular 
bundle ; tep, inner epidermis ; N, remains of endosperm ; C 
cotyledon ; ep, epidermis ; st, starch ; sto, stoma ; al, aleurone 
grains. (A. L. Winton.) 

a remarkable fringe-like thickening ; transverse 
sections show that this occurs on the outer wall only. 
The inner layers form a stellate parenchyma with 
large intercellular spaces. The cells of the cotyledons 
contain small starch grains in addition to aleurone 
grains and oil. The pericarps, which are sometimes 
present, contain abundant sclerenchymatous fibres 
often strongly indented by other fibres that cross 
them transversely. 


Fig. 19S. — Ground Nut, surface view of tissues ; aepy outer epider- 
mis of seed coat ; ep, epidermis of cotyledon ; g, fibre vascular 
bundle ; iep, inner epidermis of seed coat ; *V, remains of 
endosperm ; p\ p'y p‘\ parenchyma of seed coat ; sio, stoma. 
(A. L. Winton.) 




NUT AND OTHER SHELLS 


353 


{d) Rape—lhe, structure closely resembles that of mustard 
seed, from which, however, it may be distinguished 
chiefly by the sclerenchyiuatous cells, which are 
reddish-brovm in colour and larger than those of 
mustard, and have radial walls thickened throughout 
nearly the whole of their length. 



Pig. 200. — Powdered Almond shells, scl.j sclerenchyniatous cells; 
jr., fragments of same; portion of fibrovascular bundle; 
par.f parenchymatous tissue, X240. 


IIL — NtJt and other Shells 

{a) Almond Shells . — ^The powdered shells consist of scleren- 
chymatous cells varying considerably in size, shape 
and thiclcness of wall. Most of the cells vary in colour 
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from yellow to yellowish-brown, and are nearly iso- 
diametric, with moderately thickened walls, but some 
are nearly colourless and others dark yellowish-broi'^ra. 
They occur in small masses or they may be more or less 
isolated or even broken into fragments, according to 
the extent to which pulverisation has been carried ; 
the fragments show a distinctly pitted surface. Frag- 
ments of fibrovascular bundles or of yellowish-brown 
thin- walled parenchymatous cells are fairly frequent. 
The characteristic features are the pervading yellowish- 
brown colour and the great variety in the thickness 
of the cell w’all. Pow’^dered almond shells may be 
distinguished from powriered cocoa-nut shells by 
their brighter colour, by the numerous isodiametric 
cells, and by the dark browm contents of those that are 
elongated. The cells of olive stones are elongated, 
nearly colourless and veiy^ strongly thickened. Neither 
cocoa-nut shells nor olive stones in powder contain 
fragments of comparatively thin-w^alled cells exhibiting 
a pitted surface. 



Fig. 201. — Powdered cocoa-nnt shells. brown parenchymatous 
tissue ; /, bast fibres ; g, pitted vessel ; p, parenchymatous 
tissue of seed coat ; sp, spiral vessel ; ste, stegmata ; st, dark, 
yellowish-brown sclerenchymatous cells ; reticulated vessel ; 
w, colourless parenchymatous tissue. (A. L. Winton.) 

[h] Cocoa-nut Shells , — ^The sclerenchymatous cells of which 
cocoa-nut shells consist are mostly elongated and 
have very thick, strongly pitted, yellowish-brown to 
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dark-brown walls and brown contents ; a few have 
nearly colourless walls. Fragments of brown thin- 
walled parenchymatous tissue and of fibrovascular 
bundles are also to be found. Minute, rounded, 
tuberculate nodules of silica contained in the stegmata 
(compare p. 33) occur free in the powder, but are 
not readily detected. 

(c) Hazel-nut Shells , — Most of the cells are comparatively 

small (10 to 75 long, up to 25 wide) and nearly 
isodiametric or distinctly elongated ; some are strongly 
elongated (150 [Jb long, 15 fjb wide). Many have rather 
large cavities and colourless or pale yellowish walls 
with numerous branching pits ; the contents are a 
scanty brownish substance reacting for tannin. 
Characteristic for this powder is the occasional occur- 
rence of a long (150 to 250 [M ) tapering, thick-walled 
hair derived from the epidermis. 

[d) Walnut Shells . — Some of the cells are small, nearly 

isodiametric and strongly thickened ; others are larger 
and have moderately thick, somewhat wavy walls. 



Fig. 202. — Walnut shells, a, sclerenchymatous cells of outer part; 
w, of central part ; brown, parenchymatous tissue of inner 
part. (Moeller.) 

Fragments of brownish, thin-walled parenchyma are 
fairly numerous. The powder is distinguished from 
that of almond shells by the absence of the bright 
yellowish-brown colour, from that of cocoa-nut shells 
by the absence of the dark-brown colour, from that 
of olive stones by the absence of the strongly 
elongated cells that are the typical feature of the 
latter. 
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IV.— Seeds 

[a) Olive Slone ;;. — These are composed chiefly of sclerenchy- 
matons cells. The typical form is a rather strongly 
elongated colourless cell wth walls so thick that the 
ca\-ity is reduced to a line ; these walls are usually 
finely striated, the}’ exhibit numerous branching pits, 



Fig. 203, — Olive stones, n, w, and i, sclerenchymatons cells of 
outer, middle and inner portion of endocarp ; E, e, parenchyma of 
cotyledon ; ea^ outer portion of endosperm ; en, tissue lining 
endocarp ; ep, epidermis of seed coat ; /?, parenchyma of 

pericarp, with oil globules ; sp, spiral vessels. (Moeller.) 

and are seldom quite straight. Occasionally fragments 
of the epidermis of the seed with swollen walls 
(fig. 203, ep., clearly seen after warming in solution of 
chloral hydrate), of the inner layers of themesocarp, and 
even of the outer epidermis of the pericarp may be found. 
(b) Date stones , — These consist of the seeds enclosed in the 
seed coats. The epidermis of the outer seed coat 
is composed of elongated cells with thickened, dis- 
tinctly pitted walls. In the parenchymatous tissue 
below the epidermis large, thin-waUed, more or less 
isolated cells with conspicuous reddish contents occur. 
The greater part of the stone, however, consists of 
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the endosperm, the cells of which have strongly 
thickened (average 15 /a) walls with numerous, large, 
characteristic pits slightly enlarged near the middle 
lamella. The cell walls stain slowly blue with 
chlorzinciodine. The cells contain oil and proteids. 


^ B 



Fig. 204. — Date stones. A, endosperm; B, epidermis of seed 
coat ; C, parenchymatous tissue of seed coat with pigment 
cells, g. (Moeller.) 

{c) Acorns . — ^The chief characteristic of acorn meal is the 
starch, the grains of which are mostly elongated and 
have a large central hilum. The parenchymatous 
cells are large and thin-walled. Occasional long, 
thin-walled, sinuous hairs (from the seed coat) may 
be met with. 

{d) Cocoa-nut . — ^The kernel of the cocoa-nut consists of a 
copious, white endosperm surrounded by a thin 


ADULTERANTS 



Fig. 205. — ^Acorn, tissues of cotyledon. F, parenchyma ; 
epidermis ; sp, spiral vessels ; s/, starch. (Moeller.) 


ep, 


A B 



Fig. 206. — Cocoa-nut, tissues of seed. parenchymatous tissue 
of seed coats ; cells of endosperm ; a, aleurone grains. 
(Moeller.) 



Fig. 207. — Chestnut starch. x6oo. (Moeller.) 
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SpittidSr ”*■' 

(.) ChestnuU{Castaneavezca, L.).-The cotyledons consist of 
large, thin-walled, parenchymatous cells filled -with 
characteristic starch grains. 


V. — ^Woods 

(a) Coniferous Wood.~FT&gments of coniferous wood are 
readily identified, as the tracheids of which they are 
chiefly composed bear characteristic, large, areolated 






Fig. 208. — Coniferous sawdust, w, cells of medullary ray; 
parenchymatous cells ; t, tracheids. (Moeller.) 

pits which, however, are seen in outline when the radial 
wall only of the tracheid is presented to the observer ; 
when the tangential wall is exhibited, the pits are seen 
in section (fig. 208). As sawdust is commonly used 
to clean the drug mills, it is by no means uncommon 
to find small, isolated fragments of pine wood in 
powdered drugs. 
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(6) Angiospermous Wood . — ^This usually consists of wood 
fibres, vessels, parenchyma and medullary rays. 



Fig. 209, — Angiospermous sawdust, g, fragments of vessels ; 

cells with calcium oxalate ; sclerenchymatous fibres ; m, 
cells of medullary ray ; p, wood parenchyma. (Moeller.) ^ 


The fibres usually occur in irregular masses, com- 
paratively free from calcium oxalate cells, but often 
accompanied by lignified medullary rays exhibiting 
their radial or tangential section ; these characters 
suffice to distinguish wood fibres from grouped bast 
fibres. The structure of the many angiospermous 
woods used for technical purposes is so uniform, that 
it is exceedingly difficult to determine the botanical 
origin of a powdered wood that may be found as a 
sophistication in vegetable powders. The identifica- 
tion of such woods as are employed medicinally is 
comparatively easy. 
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SECTION XV 

GENERAL SCHEME FOR THE 
EXAMINATION OF POWDERS 

The following outline may serve as a guide to the systematic 
examination of an unknown powder. In each case the material 
should be carefully bulked, either by shaking in a bottle, or by 
triturating in a mortar or, if in small quantity, by mixing 
on paper with a spatula. From i to 2 grammes should then 
be set aside for use. 

Examination 

Fine Powders . — Thoroughly mix with a glass rod in a 
watch-glass or hollowed glass block 0*1 gramme to a thin 
cream with {a) water, (6) dilute glycerin, and (c) solution of 
chloral hydrate. Cover (a) and (c) closely but (b) only loosely 
with a small filter paper, so that the glycerin may slowly 
become more concentrated. Allow these to stand about 
twelve hours. Then stir again with a glass rod and mount 
a little of each, taking about as much as a white mustard seed 
in volume, diluting with the medium in which it has been soaked, 
and covering with a f-inch square coverslip. 

(a) Examine the water preparation under the low power (50 
to 70 diameters). Study first the single cells, especially those 
which are well preserved, such as sclerenchymatous cells, bast 
fibres, &c., then groups of a few cells and fragments of cells, 
making them roll, if necessary, by touching the edge of the 
coverslip with a dissecting needle. Use the high power {300 to 
400 diameters) for the examination of details. Continue the 
study of each cell, or group of cells, until its structure is 
thoroughly understood, and make sketches of what is seen. 
Should the identity of the powder be known, compare 
these sketches with published illustrations or with similar 
sketches made from the genuine powders or from sections of 
the original substance. Keep the slide for future reference, 
protecting it from evaporation. 
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Examine for the following cell contents : 

(a) Starch, Determine its presence or absence by the iodine 
reaction (p. 9). If present, examine, measure, and 
sketch it. If present in large quantity, remove it 
(pp. 23, 299, 312), and examine the residue. 

(/ 3 ) Oil. Determine its presence or absence by the alkanna 
reaction (p. 38). If present in large quantity, defat 
(p. 202), and examine the residue. 

(7) Aleurone Grains. Determine their presence or absence 
by the iodine or picric acid reaction (p. 192). If 
present, examine their contents (p. 190). 

(5) Mucilage. Determine its presence or absence by the 

ruthenium red and other reactions (p. 195). 

(e) Calcium Oxalate. Determine its presence or absence, 
using the polariser if necessary. Confirm by the 
acetic acid and sulphuric acid reactions. 

(6) Examine next the glycerin preparation. The particles will 
be clearer than they were in water. Study the smaller and 
medium-sized groups of cells, and observe particularly their 
colour. 

{c) Examine the powder macerated with solution of chloral 
hydrate. Starch (if present in the original powder) and much 
of the dried protoplasm, aleurone grains, &c., will have been 
dissolved. Study particularly the larger fragments, focussing 
the uppermost layer of cells first, and proceeding slowly through 
the fragment. Endeavour to realise the nature and arrange- 
ment of the cells, and so construct a mental image of the 
fragment. Fragments that are lying obliquely are often 
difficult to understand, but may be induced to present a more 
favourable aspect by being gently moved. 

{d) If the fragments are difficult to understand, mount a 
little of the original powder in solution of potash (10 to 20 
per cent,), cover, warm gently, cool, and crush the fragments 
by pressing and sliding the coverslip. Resort if necessary 
to a bleached preparation (see below). Examine the chloral 
hydrate preparation for crystals of calcium oxalate. 

{e) If the powder is dark in colour bleach 0*5 gramme 
(p. 177). Examine in dilute glycerin as directed under (6). 
Stain a portion with phloroglucin and hydrochloric acid 
(p. 62) for lignified tissues, and another with corallin soda for 
mucilage and callus plates. 
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(/) Mount a fresh portion in a mixture of two volumes of 
castor oil and one of absolute alcohol, or in liquid paraffin, or 
olive oil. Compare this preparation with the one in water to 
ascertain if any water-soluble substances have been removed 
by that mountant. 

(g) If much sclerenchymatous tissue is present, disintegrate 
about 0-5 gramme with potassium chlorate and nitric acid 
(p. 56), collect the powder in a centrifuge tube, wash and 
examine. 

If time does not allow of the preparations {a), {b), and (c) 
being allowed to stand for twelve hours, proceed as follows : 

(a) Moisten a little of the powder on a slide with alcohol, 
allow it to stand until most of the alcohol has 
evaporated, mix with water, cover and examine. 

{b) Thoroughly mix a little with water on a slide, using a 
small glass rod as a stirrer ; allow it to stand a few 
minutes, add a drop of glycerin, and examine. 

(c) Moisten with alcohol on a slide, add solution of chloral 
hydrate, cover, warm gently until the solution just 
commences to boil, cool, and exanaine. 

Coarse Powders . — Sift out that which wiU pass through a 
No. 60 or 80 sieve. Examine this as directed for fine 
powders. 

Examine with a lens that which does not pass through the 
sieve, pick out if possible fragments sufficiently large and cut 
sections from them. 

Mount a few fragments in 20 per cent, solution of potash, 
cover, gently warm, cool, crush the fragments, and examine. 
Or tease them out with the needles after warming with 
solution of potash. 

Powder the coarser fragments in a mortar until they too 
pass through the sieve ; mix all the powder carefully and 
proceed as directed for fine powders. 

Double Staining of Powders . — Although staining may 
generally be dispensed with in the examination of powders, 
very excellent preparations may be obtained if desired by 
the following (Cordonnier’s method : 

{a) Non-fatty Powders . — Introduce into a centrifuge tube 
5 c.c. of solution of chlorinated soda and about o'l 


^ Bulletin des Sciences Pharmacologiques, 1903? P- 21. 
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gramme of the bulked powder. Shake^the mixture 
occasionally during ten minutes, then dilute with dis- 
tilled water, and centrifuge until the powder is collected 
at the tip of the tube. Decant the supernatant liquid, 
diffuse the residue in water and centrifuge again, 
repeating the process until the hypochlorite is 
eliminated. Decant the last washings and add 5 c.c. 
of the combined reagent (see below). Leave the 
powder in contact with the stain for eight to ten 
minutes, dilute with water and wash several times 
with the aid of the centrifuge. Then pass the powder 
successively through 60 per cent, alcohol, 90 per cent, 
alcohol, absolute alcohol (twice) and xylol, decanting 
after each washing. Finally mix the stained powder 
well, place a drop of Canada balsam on a shde, add a 
drop of the stained magma, mix, cover, press gently 
and allow to dry. 

(6) Fatty Powder , — ^Defat the powder by two or three 
successive treatments with xylol, then decolourise 
with solution of chlorinated soda and proceed 
as above. 

If the powder is rather coarse, prolong the action of each 
liquid correspondingly. 

Combined Reagent for Double Staining : 

Introduce into a flask capable of holding 1200 cubic centi- 
metres in the order named: Iodine green (Grubler), 
I gramme ; chloroform, 10 grammes ; alum-carmine, 
1000 cubic centimetres. Shake till dissolved and filter. 

Make the alum-carmine as follows : Treat i gramme of 
carmine with 5 grammes of alum and a little distilled water. 
Evaporate to dryness at a gentle heat. Allow the residue to 
stand for twenty-four hours, dissolve it in 100 cubic centi- 
metres of cold, distilled water, and filter. 

Determination of the Origin 

The following procedure may be adopted to determine the 
organ from which a powder has been derived : 

{a) Observe the colour of the particles as seen in dilute 
glycerin. A green colour indicates leaf, leaf-stalk, 
herbaceous stem, or, possibly, calyx of a flower. 
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Examine the chloral hydrate preparation. The presence 
of an epidermis with stomata and polygonal or 
wavy cells, of branching veinlets and of palisade or 
spongy parenchyma, indicates a leaf. Elongated, 
rectangular epidermal cells are probably derived from 
the midrib, or from an herbaceous stem ; fragments i 

consisting of large, elongated, colourless parenchy- 
matous cells point to the former. If pollen grains 
are found, a flower may be suspected, and search should 
be made for portions of the petal, which will probably 
be coloured and have a papillose epidermis, and for the 1 

characteristic, spirally or reticulately thickened cells 
from the endothecium of the anthers. f 

[b) If chlorophyll is absent, examine the chloral hydrate 

preparation for vessels. In the absence of chlorophyll Si 

these will indicate the presence of wood, which may be i; 

derived from a trunk, a root, or a rhizome. Abundant, il 

irregular fragments, consisting of wood fibres with ;; 

medullary rays crossing them at right angles and with j| 

comparatively little calcium oxalate, indicate a wood. | 

On the other hand, abundant parenchymatous tissue, | 

filled with starch, oil, or other reserve material, indicates 
a root or rhizome ; in this case, sclerenchymatous cells, 
or bast fibres, isolated, or in more or less regular 
groups, may be present. 

[c) If vessels are absent, stain a bleached preparation with 

corallin soda (see list of reagents), and examine for large 
sieve tubes. These, in conjunction with fragments of 
cork, and possibly with isolated or grouped bast fibres 
and sclerenchymatous cells, indicate a bark. 

[d) If the powder is free from chlorophyll, large vessels and 

sieve tubes, it is probably derived from a seed or fruit. 

Examine for aleurone grains, the presence of which 
is definite evidence of a seed, and examine also for 
parenchymatous tissue with other reserve material 
such as starch, oh, cellulose, &c. The presence of an 
epidermis with more or less distorted stomata, of the 
so-called aleurone layer, or of much empty parenchy- 
matous tissue indicates a fruit. 
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Identification of the Powder 

Having determined the organ from which an unknown 
powder is derived, the next step is its definite identification. 
This demands considerable skill and experience. It is best 
efected by comparing the sketches made of the tissues and 
elements of the powder, with illustrations published in th.e 
various works dealing with this subject. ^ 

The determination should invariably be confirmed by 
powdering the substance indicated and comparing the two 
powders under similar conditions. 

Determination of Purity 

The microscopical examination of a vegetable powder often 
has for its object the determination of the purity or otherwise 
of a powder of given origin. In such case, the comparison witli 
a specimen of the powder of about the same degree of fine- 
ness and known to be genuine is absolutely necessarj’'. Care 
must also be taken to interpret correctly the results of the 
examination. 

The methods adopted for the sophistication of powders may 
be classed under the following heads : 

1. Total substitution of one substance for another. 

2. Use of a substance of inferior quality. 

3. Intentional addition. 

4 . Intentional abstract ion . 

5. Intentional abstraction and addition. 

1. Total Substitution . — This is, as a rule, easily detected, 
although in some cases — as, for instance, the substitution of 
powdered cassia for powdered cinnamon — considerable caution 
has to be exercised. 

2. Quality . — The determination of the relative quality 
of a genuine powder is obviously in the first instance to 
be effected by chemical analysis. Nevertheless, the micro- 
scopical examination may give valuable assistance and may 


1 Greenish and Collin, Anaiomical Atlas of Vegetable Pomdefs] Win ton. 
The Microscopy of Vegetable Foods ; Schneider, Powdered Vegetable Drugs ; 
Vogl, Die Wichtigsfen Vegetabilischen Nahrungs- und Genussmittel ; Solereder,, 
Systematic Anatomy of the Dicotyledons. 
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be successful where chemical analysis fails. The colour of the 
powder, the contents of the cells, especially of such as contain 
active constituents, the numbers in which such cells occur, 
and the presence of tissues not found in good samples, possibly 
the result of careless collection, may give useful indications of 
the quality of the powder. 

3. Intentional Addition . — Not unfrequently foreign sub- 
stances accidentally find their way in very small quantities into 
vegetable powders, and caution is necessary not to consider 
such as cases of adulteration. Drug mills are commonly 
cleaned with sawdust, and an occasional tracheid of pine 
wood may be detected in most powdered drugs. Only when 
the quantity is considerable can this be considered serious. 
It is practically impossible to collect rhizomes without, in some 
cases at least, portions of the aerial stems or even leaves ; 
hence the tissues of these organs may find their way into the 
powders without constituting a sophistication. Barks often 
have portions of wood adhering to them, stems portions of bark ; 
leaves are accompanied by the smaller stems, by flowers and 
occasionally small fruits. 

The quantity in which such foreign organs are present is best 
judged by comparison with powders containing varying, knoAvn 
percentages of them. Intentional addition, however, is usually 
carried to such an extent as to leave little doubt of the fraudu- 
lent intention. Comparison of the suspected powder with one 
known to be genuine is indispensable. 

4. Intentional Abstraction . — Sophistication of this nature 
generally takes the form of adulteration of the genuine powder 
with the powder of the same drug previously deprived of its 
active constituents ; thus powdered ginger is occasionally 
adulterated with exhausted or ' spent ' ginger. Such sophis- 
tication is best detected by chemical means, although indications 
of it may be obtained by means of the microscope. 

5. Intentional Abstraction and Addition . — Here the deficiency 
in taste, odour or colour, caused by admixture with exhausted 
powder, is cloaked by the addition of some foreign material. 
The loss of bitterness of powdered gentian due to such cause 
has been concealed by the addition of powdered quassia, a 
sophistication which may be readily detected. 
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REAGENTS OF GENERAL UTILITY 

The following list comprises the reagents mentioned in the fore- 
going pages, together with a few others that are occasionally 
employed. It makes, however, no pretensions to being exhaustive ; 
on the contrary, numerous reagents that have been recommended 
from time to time for various special purposes, for which doubtless 
they are useful, have been omitted as being unnecessary for the 
student. This is especially the case with the host of staining re- 
agents, of which but few have been retained as specially useful 
for particular purposes. Each reagent has been described, so that 
the student may either prepare it himself or easily procure it, 
and to most of them notes have been appended indicating the uses 
to w’'hich they are generally put. The student is strongly advised 
to refrain from the indiscriminate use of staining reagents. Each 
experiment should be designed to obtain certain definite informa- 
tion with regard to the preparation under examination. 

Acetic Acid. — Containing 33 per cent, of real acetic acid ; the 
Acidum Aceticum of the British Pharmacopoeia ; it is used for dis- 
tinguishing between calcium oxalate, which is insoluble, and 
calcium carbonate, which dissolves with effervescence ; for neutral- 
ising an excess of caustic potash, and other purposes. 

Acetic Acid, Dilute. — ^The Acidum Aceticum Dilutum of the 
British Pharmacopoeia, containing 4 per cent, of real acetic acid. 

Alcohol. — ^Absolute alcohol is to be preferred, but for many 
purposes methylated spirit made with wood naphtha can be used ; 
the ordinary methylated spirit made with mineral naphtha is of 
limited use only, since it makes a turbid mixture with water. 

Alcohol is employed for a great variety of purposes. It removes 
air from sections of dried drugs, dissolves resin, volatile oil, tannin, 
chlorophyll, &c. * it dissolves most fixed oils in small but appreciable 
quantity, castor oil freely. Gum and inulin are quite insoluble 
in it, certain sugars are only slightly soluble. 
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Alcohol, 90 per cent., is also frequently used, and may be often 
employed in the place of absolute alcohol ; it has less solvent action 
upon fixed oils. 

Alkanna, Tincture of. — 

Alkanet root .... 20 grammes. 

Alcohol, 90 per cent. . . . 100 cubic centimetres. 

Macerate for a week, and filter. 

Tincture of alkanna is much used as a staining agent for fixed 
oils. For this purpose it should be diluted with an equal volume 
of water immediately before use, and sections left immersed in 
it for several hours. No fixed oil or fat is known which will not, 
under these conditions, assume a red colour ; but, on the other 
hand, other substances, such as resin, caoutchouc, &c., may also 
yield the reaction. 

Ammonia, Dilute. — ^The Liquor Ammonise of the British Pharma- 
copoeia, containing 10 per cent, by weight of ammonia gas. 

Ammonia, Strong. — The Liquor Ammonise Fortis of the British 
Pharmacopoeia, containing 32*5 per cent, by weight of ammonia gas. 
It is used for the preparation of cuoxam. 

Aniline Chloride. — ^A saturated solution in water is sometimes 
used to stain Ugnified cell walls, to which it imparts a golden yellow 
colour. It is, however, inferior in this respect to phloroglucin, 
and hence is seldom used. It acts better when acidified with 
hydrochloric acid. 

Bismarck Brown. — ^A very dilute aqueous solution, about the 
colour of brown sherry, is useful to stain elements after separa- 
tion by potassium chlorate and nitric acid, or by chromic acid, 
since treatment with these reagents renders the tissues very 
transparent. (Compare also safranin.) 

A saturated aqueous solution, filtered, is occasionally used as a 
stain for mucilage. 

Braemer’s Reagent. — 

Sodium tungstate ... i gramme. 

Sodium acetate .... 2 grammes. 

Water to make , . . . 10 cubic centimetres. 

Dissolve. This is one of the best reagents for tannin, with which 
it produces a yellowish-brown precipitate. While iron salts are 
commonly used to detect tannin, it must be remembered that a 
number of other plant constituents give dark-greenish or bluish- 
black colorations with this metal ; hence, although a negative 
result is decisive, a positive result does not necessarily indicate 
tannin. In such cases confirmation is obtained by Braemer's 
reagent. 
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The section to be tested, which should not have been treated with 
any solvent of tannin, is immersed in a drop of the reagent on the 
shde ; as the reagent penetrates, a characteristic yellowish-brown 
or reddish-brown precipitate is produced. 

Chloral Hydrate, Solutton of. — 

Chloral hydrate .... 5 ° grammes. 

Water ..... 20 cubic centimetres. 

Dissolve. The solution is a most valuable clearing agent. It not 
only induces expansion of cells that have shrunk during the drying 
of the drug, but also dissolves many of the commoner constituents 
such as chlorophyll, resin, volatile oil, proteid matter, starch, &c. 

Chloral Iodine. — ^The foregoing solution saturated with iodine, 
a few crystals of which should be kept in it. It is useful for the 
detection of minute starch grains. 

Chlorinated Soda, Solution of (Meyer). — 

Chlorinated lime ... 200 grammes. 

Distilled water .... 1,750 grammes. 

Triturate the chlorinated hme with the water, added gradually ; 
transfer to a stoppered bottle, and add — 

Sodium carbonate . . . 250 grammes, 

dissolved in 

Distilled water .... 750 grammes. 

Shake together for four days, keeping the bottle protected from 
light ; filter ; to the filtrate add a 10 per cent, solution of potassium 
oxalate as long as a precipitate forms ; stand, and filter. 

Solution of chlorinated soda is extremely useful for bleaching 
sections and preparations, the colour of which is too dark to allow 
of the details being clearly seen. The bleaching should not be 
continued longer than necessary ; when completed, the prepara- 
tions should be washed with water. 

The reagent should be kept protected from light. 

Chlorzineiodine, Solution of. — 

Solution of zinc chloride, sp. gr. I’S loo'oo grammes. 

Potassium iodide . . . 10 -oo grammes. 

Iodine . . . . . 0-15 gramme. 

Dissolve the potassium iodide and the iodine in 10 cubic centi- 
metres of water ; add this to the solution of zinc chloride ; stand 
until bright. Keep a few crystals of iodine in the solution. 

Solution of zinc chloride, B.P. . 175*0 cubic centimetres. 

Potassium iodide . . . 20*0 grammes. 

Iodine . . . . . 0*5 gramme. 

Distilled water . . . . 15*0 cubic centimetres. 

The following method also yields good results : 

Evaporate the solution of zinc chloride to 100 cubic centimetres ; 
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to the solution, while still hot, add the potassium iodide and 
iodine, previously dissolved in the water ; let the mixture stand 
till cold. 

Very commonly used for the differentiation of cellulose from 
lignified walls. The section should be mounted in a drop of water 
on a slide, the water completely removed by filter paper, and a drop 
of the reagent dropped on to it. Cellulose walls are (often slowly) 
coloured blue or violet, lignified and suberised walls yellow or brown ; 
starch grains swell, and are coloured blue. 

Chromic Acid, Solution of, — 

Chromic acid .... 10 grammes. 

Dilate sulphuric acid (containing 10 

to 15 per cent, of sulphuric acid) 90 cubic centimetres. 

Dissolve. The reagent is useful for separating sections into 
tlieir constituent cells. Several sections are immersed in the reagent 
in a watch-glass, and one from time to time (about every fifteen 
minutes) removed, washed with a drop of water, and gently pressed 
with a glass rod. When, under this treatment, the constituent 
cells sej)arate readily from one another, the remainder of the 
sections are washed with water and transferred to alcohol until 
required. 

Long-continued action of the reagent results in the destruction 
and solution of the cellulose and lignified cell walls. Suberised 
walls resist its action much longer. 

Corallin Soda, Solution of.— 

Sodium carbonate ... 30 grammes. 

Distilled water .... 70 grammes. 

Dissolve. To a little of this solution add a small fragment of 
corallin, or sufficient alcoholic solution of corallin to produce a bright 
pink colour. The mixture must be freshly prepared. 

The si>ecial use to which corallin soda is put is the staining of 
cullus plates and the detection of sieve tubes by this means. The 
solution should be of a pale bright pink colour (not dark wine red) 
and should be freshly prepared, as in this dilution it rapidly loses 
its staining iwwer. The reagent also imparts a reddish colour to 
lignified tissue, starch grains, and some forms of mucilage. 

Cuoxam.—This reagent must be freshly prepared with strong 
solution of ammonia. The following (Yogi’s) method is a convenient 

"^Prepare some cupric oxycarbonate by precipitating a solution of 
cupric sulphate with sodium carbonate ; wash the precipitate first 
by decantation, afterwards on the filter until free from sulphate. 
Drain well and dry by exposure to the air. Keep the dry powder 
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in a stoppered bottle. When the reagent is required, dissolve a 
little in strong solution of ammonia. 

It dissolves cellulose. 


Eosin. — ^A dilute solution in water is occasionally useful for 
staining cell contents, especially aleurone grains. 


Fehling’s Solution. — 

Cupric sulphate . 
Distilled water to make 

Dissolve. 

Sodio-potassium tartrate 
Potassium hydrate 
Distilled water to make 


34*6 grammes. 

500*0 cubic centimetres. 


173-0 grammes. 

125*0 grammes. 

500*0 cubic centimetres. 


Dissolve. Mix equal volumes of each solution for use when 
required. The reagent is used to detect reducing sugars, with which 
it yields a red precipitate of cuprous oxide ; with some proteids 
a bluish or reddish-violet coloration is produced. 


Ferric Chloride, Solution of. — ^A i per cent, solution of ferric 
chloride in distilled water. Frequently used as a reagent for tannin. 
See also Braemer's Reagent. 


Glycerin. — Pure glycerin of sp. gr. i’26o. 


Glycerin, Dilute. — ^Pure glycerin diluted with an equal volume 
of distilled water. 

Both of these are very largely used as mounting media. 


Gum and Glycerin. — 


White7gum acacia 
Water* 

Glycerin 

Thymol 


40*0 grammes. 

30*0 cubic centimetres. 
40*0 grammes. 

0*1 gramme. 


Dissolve. Used for fixing small seeds, &c., on pith. The 
glycerin prevents the gum from being hard when dried. 


Hydrochloric Acid. — ^Pure hydrochloric acid of sp. gr. it6 . 
Used in conjunction with phloroglucin for detecting lignification. 
Diluted with an equal volume of water for dissolving calcium 
oxalate. 


Iodine Water. — ^DistELed water saturated with iodine, a few 
crystals of which should be kept in the reagent. Protect it from 
the action of light by keeping it in the dark or in amber-coloured 
bottles. Used as a reagent for starch and for aleurone grains. 
Solution of iodopotassium iodide, diluted with water to the colour 
of brown sherry, is often used in its place. 
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lodopotassium Iodide, Solution of. — 

Iodine ..... 2 grammes. 

Potassium iodide . . . r gramme. 

DistiUed water .... 200 cubic centimetres. 

Dissolve. The reagent, which may be diluted with water if 
necessary, stains proteid matter yellow, starch blue, suberised and 
lignified walls yellow. The cellulose cell wall assumes a yellow 
colour, which is changed to blue by irrigation with concentrated 
sulphuric acid. 

Maceration Mixture, Schulze’s. — Potassium chlorate and nitric 
acid ; the strength of the latter may be varied to suit the require- 
ments of the case; an acid of sp. gr. 1*3 is very generally useful. 

The reagent is well adapted for the separation of the elements of 
woody tissues from one another, and also for the destruction of the 
more delicate parenchymatous cells and their removal from powdered 
drugs. 

Methylene Blue, Alcoholic Solution of. — 

Methylene Blue . . . . O’l- gramme. 

Alcohol (95 per cent.) . . . 25 ’o cubic centimetres. 

Dissolve. 

Methylene Blue, Glycerin Solution of. — 

Methylene Blue . . . . 0*2 gramme. 

Alcohol {95 per cent.) . . . 10*0 cubic centimetres. 

Glycerin . . . . . 40*0 cubic centimetres. 

Dissolve. Useful for staining mucilage (compare p. 118). 

Millon’s Reagent.— 

Mercury ..... 3 cubic centimetres. 

Fuming nitric acid ... 27 cubic centimetres. 

Dissolve without heat ; dilute the solution with an equal volume 
of water. Proteid matter in contact with Millon's reagent gradually 
assumes a bright brick-red colour. As the activity is liable to 
diminish by long keeping, it should be tested on a section known 
to contain proteid matter before it is used as a reagent. 

Naphthol Solution. — 

a-Naphthol . . . . 10 grammes. 

Alcohol . . . . . 100 cubic centimetres. 

Dissolve. Gives, in conjunction with sulphuric acid, a violet 
coloration with inulin. Allow a drop of the reagent to remain 
on the section for a minute or two and remove with jfilter paper ; 
drop on two or three drops of concentrated sulphuric acid, cover, 
and warm gently. An intense violet coloration is produced if 
inulin is present. 
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Osmie Acid, Solution of. — i per cent, aqueous solution of 
osmic acid. It should be protected from light. Osmic acid 
gradually colours fixed oils dark brown or nearly black. It does 
not, however, react with all fats, palmitin, stearin, and certain others 
not being coloured by it. 

Phloroglucin, Solution of.— 

Phloroglucin .... i gramme. 

Alcohol (90 per cent.) . . . 100 cubic centimetres. 

Dissolve. It gradually darkens in colour, and at the same time 
loses its power. It should not be kept more than three months. 
The section to be tested should be immersed in a few drops of the 
reagent for five minutes, the excess removed with filter paper, and 
a drop of strong hydrochloric acid added. Dignified ceU walls are 
stained pale to dark red, according to the degree of lignification. 

The reagent is sometimes made by dissolving phloroglucin in 
alcohol and adding hydrochloric acid. 

Picric Acid, Solution of. — saturated aqueous solution is used 
to stain aleurone grains yellow. 

Potash, Solution of. — ^A 5 per cent, aqueous solution of potas- 
sium hydrate. Largely used as a clearing agent. It induces 
swelling of the cell wah and consequent expansion of dried cells ; it 
swells and dissolves starch, dissolves proteid matter, tannin, &c. 
It is also employed for disintegrating parenchymatous tissues, 
these being digested in the reagent, diluted if necessary with water, 
in a water-bath. 

Potash, Ammoniacal Solution of. — ^Wash stick potash with 
water to remove the carbonate on its surface, and add water in 
quantity insufficient to dissolve the whole of the potash. Pour off 
the saturated solution and add an equal volume of strong solution 
of ammonia (sp. gr. 0*910). 

This reagent has been recently advocated as specially useful for 
the identification of fixed oils. It saponifies all fatty oils, pro- 
ducing with non-drying oils radiating filiform crystals, and with 
drying oils granules. The section is immersed in the reagent, 
covered with a coverslip, and examinedTrom time to time, during 
several hours, to ascertain the effect upon the globules to be tested. 

Potash, Very Dilute Solution of. — ^A 03 per cent, solution is 
used to dissolve aleurone grains. 

Potash, Strong Solution of. — ^A 20 per cent, (or even 50 per 
cent.) solution is used to induce swelling of refractory cell walls 
with a view to disclosing the structure of collapsed tissues. 
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Ruthenium Red, Solution of (in Solution of Lead Acetate ), — 
Prepare a lo per cent, solution of lead acetate in distilled water. 
To one or two cubic centimetres of this solution add enough ruth- 
enium red to produce a wine-red colour. The solution will not 
keep long, and should therefore be freshly prepared. 

A very useful reagent for the detection of mucilage, some varieties 
of which assume with it a brilliant pink coloration. 

Safranin. — A very dilute aqueous solution is useful for staming 
colourless, transparent tissues in order to render the details more 


easily visible. 


Soudan Glycerin. — 


Soudan III. .... 

0*01 gramme. 

Alcohol (90 per cent.) . 

5*00 cubic centimetres. 

Dissolve and add — 


Glycerin ..... 

5*00 cubic centimetres. 

Colours the suberised wall red, especially when warmed with it, 
and hence is useful to detect secretion cells (the walls of which are 

commonly snberised) in powdered drugs, 
volatile oils. 

It also colours fixed and 

Sulphovanadlc Acid. — 


Ammonium vanadate . 

I gramme. 

Concentrated sulphuric acid . 

100 cubic centimetres. 


Powder the ammonium vanadate and triturate it with the 
sulphuric acid ; stand until clear. The reagent will not keep 
longer than a few days. It is a delicate micro-chemical reagent for 
strychnine. 

Sulphuric Acid, Concentrated, — ^Pure sulphuric acid of sp. gr. 
1-843. It is employed for dissolving cellulose and lignified cell 
walls, leaving suberised walls comparatively little affected. 

Sulphuric Acid, 80 per cent, — Sulphuric acid containing 80 
per cent, by weight of the pure acid may often be advantageously 
substituted for the above. 


APPENDIX B 

LIST OF THE CHIEF VARIETIES OF CELL WALL AND 
CELL CONTENTS, AND THE MEANS ADOPTED FOR 
THEIR IDENTIFICATION 

(1) Aleurone Grains. 

{a) Picric acid stains them bright yeUow ; 

(&) Iodine stains them yellowish-brown ; 

(c) In iodine water the crystalloid and globoid (if present) 
become visible ; 

{d) In very dilute potash they dissolve, with the exception of 
the globoid and calcium oxalate (if present). 

(2) Alkaloids. — ^The best general reagent is solution of iodine in 
potassium iodide, which produces reddish-brown precipitates 
with almost all alkaloids, even in very dilute solutions. 
Sections that have been thus treated are compared with 
sections that have been freed from alkaloid by extraction 
with an alcoholic solution of tartaric acid before being sub- 
mitted to the reagent. Special colour reactions, such as 
that of strychnine with sulphovanadic acid, often afford very 
valuable information. Further details must be sought in 
the numerous memoirs that have been published dealing 
specially with this subject. 

(3) Calcium Carbonate. 

[a) Acetic or hydrochloric acid dissolves with effervescence ; 
ip) Sulphuric acid produces, in addition, acicular crystals of 
calcium sulphate. 

(4) Calcium Oxalate. 

[а) Insoluble in acetic acid ; 

(б) Soluble without effervescence in hydrochloric acid ; 

[c] Yields acicular crystals of calcium sulphate with sul- 
phuric acid 
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( 5 ) Callus Plate. 

(a) Corallin soda stains it bright pink ; 

(b) Hoffmann’s blue stains it blue ; 

(c) Sulphuric acid dissolves it. 

(6) Caoutchouc. 

(a) Insoluble in caustic potash ; 

(b) Soluble in chloroform ; 

(r) Stains pink with tincture of alkanna. 

(7) Cell Wall, Cellulose. 

(a) Is stained blue or violet by chlorzinciodine ; 

(b) Is stained blue by iodine followed by sulphuric acid ; 

(c) Is not stained by aniline chloride or by phloroglucin ; 

(d) Dissolves in cuoxam. 

(8) Cell Wall, Ugnifled. 

(a) Is stained yellow or brown by chlorzinciodine ; 

{b) Is stained bright yellow by aniline chloride ; 

(c) Is stained bright red by phloroglucin and hydrochloric 

acid ; 

(d) Swells and dissolves in strong sulphuric acid, especially 

if gently warmed. 

(9) Cell Wall, Suherised. 

(a) Is stained yellow or brown by chlorzinciodine ; 

(b) Is stained red by Soudan red ; 

(c) Resists the action of concentrated sulphuric acid ; 

(d) Is stained yellow by strong potash ; on warming, oily 

drops exude. 

(10) Fat 

{a) In solid, often crystalline masses, which fuse to oily 
drops when warmed ; 

(^) These are stained by tincture of alkanna ; 

(^:) Is saponified by ammoniacal potash, producing crystal- 
line or granular soaps ; 

{d) Is soluble in etber-alcohol. 

(11) luulin. 

{a) In colourless, amorphous, or sometimes sub-crystalline 
masses ; 

(b) Insoluble in cold water ; 
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[c) Dissolves at once, without swelling, in water at 6o° to 

70° C.; 

[d) Is not stained by iodine ; 

[e) Gives a violet coloration with a-naphthol and snlphuric 

acid. 

(12) Mueilage, — ^Several varieties of mucilage are known which 
vary in their reactions ; the following reactions are useful : 

{a) Insoluble in alcohol and glycerin ; swell and (?) dissolve 
in water ; 

[h) Solution of subacetate of lead colours them yellowish 
and makes them granular ; 

[c) May be stained by ruthenium red, corallin soda, chlor- 
zinciodine, methylene blue or Bismarck brown. 

(13) Oil, Fixed. 

[a] In globules; 

(&) Is stained pink by tincture of alkanna ; 

[0) Is stained brown by osmic acid ; 

{d) Is saponified by ammoniacal potash ; 

(e) Is soluble in ether-alcohol ; not readily soluble in 90 per 
cent, alcohol. 

(14) Oil, Volatile. 

(a) In globules ; 

(&) Is stained red by tincture of alkanna ; 

(c) Does not 5deld soap with ammoniacal potash ; 

{i) Is soluble in 90 per cent, alcohol. 

(15) Pioteid Matter. 

{a) Is stained yellow or brown by solution of iodine ; 

(b) Is coloured red by MDIon’s reagent ; 

(c) Is coloured yellow by potash after nitric acid ; 

{d) Is coloured yellow by picric acid. 

(16) Besin. 

{a) In irregular solid masses ; 

{b) Is stained red by tincture of alkanna ; 

{c) Is soluble in 90 per cent, alcohol. 

(17) Silica {if fr&sent as a visible cell content). 

{a) Is unacted upon by any of the ordinary reagents ; 

(&) May be recognised unaltered in the ash after treatment 
with hydrochloric acid. 
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(18) Stareh. 

{a) Is coloured blue by solution of iodine : 

( 2 >) Is swollen by caustic potash ; 

{0) Swells when boiled with water. 

(19) Tannin. 

(a) Is coloured bluish-black or greenish-black by solution 
of ferric chloride ; 

{b) Gives brown or yellowish-brown precipitate with 
Braemer's reagent. 
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Acetic Acici, 36S 
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Acid, acetic, 368 

dilute, 368 
iiydroc:hk>ric, 372 
mmic, fiolution of, 374 
sulphovanadic, 375 
sulphuric, concentrated, 375 
80 |)er cent, 375 
von HdhndX 26 
AcornH, 357 
Adulterants, 348 
Air, removal from sections, 66 
Alctdiol, 36H 

00 iHir cent., 369 
Alrierbuckthom bark, 167 
Aleuroius grains, 18B 
detection of, 376 
examination of, 190, njt 
Alkaloids, detection of, 376 
Alkanna, tincture of, 36*^ 

Almond, 2,fa 

examination of 'cotyledons of, 242 
examination of meal, 243 
examination oi .wed coats of, 
2..|0 

hiiciiM, 

Ammonia, dilute, 3614 
strong, 369 
Amylodextrhi, 22 
Aniline chloride, 369 
Areca niit, 126 

examination of, 2t6 
IK'iwderecI, 220 
Arnica rhizome, 305 
ArrciwrfMit, 12 

East Indian, 19 
t^^neensianfl, iS 


Bark, alderbuckthorn, 167 
caM.'arii. mgrada, 158 
cassia, 179 
cinnamon, 173 
outer, 155 
rerl ciriDiona, i8i 
witcldiazel, 168 


Barks, diagnostic characters of, 155 
isolation of elements, 164 
powdered, examination of, 156 
identification of, 185 
scheme for examination of, 158 
structure of, 149 
Barley meal, 349 
Barley starch, 1 5 
Bast fibres, 154 
Interxylary, 79 
intraxylary, 79 
perimedullary, 79 
ring, 153 
Bean flour, 238 
Bean starch, 16, 239 
Bearberry leaves, 99 

examination of crushed, 103 
separation of epidermis of, 102 
surface sections of, loi 
transverse .section of, 99 
Belladonna leaves, 138 

diagnostic characters of, 140 
examination of, 138 
Bellatlonna root, 319 
examination of, 319 
Bismarck brown, 369 
Black mustard seed, 205 
Black l>epper, 279 

examination of, 279 
powdered, 284 
surface sections of, 283 
Braemer's reagent, 369 
Broom stem, 89 
Buchu leaves, 117 
powdered, 121 
By-products, cereal, 349 


Cake, ground-nut, 351 
rape, 353 

Calcium carbonate, identification of, 
37^ 

Calcium oxalate, 73 

identification of, 376 
i.solatlon of cells containing, 
87 

various forms of, 75 
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Ergot, 44 

cutting sections of, 45 
examination of, 46 
preparation of, 44 
Euphorbia pilulifera, 88 
Euphorbia stem, 88 


Fat, identification of, 377 
Fehling’s solution, 372 
Fennel fruit, 287 

examination of, 287 
powdered, 292 

Ferric chloride, solution of, 372 
Fibres, bast, 154 

sclerenchymatous, 154 
textile, 24 

Fixed oil, identification of, 378 
Flax, 28 

diagnostic characters of, 30 
examination of, 29 
mounting of, 28 
preparation of sections of, 30 
reactions of, 29 
separation of fibres of, 28 
Flour, barley, 300 
buckwheat, 300 
lentil, 237 
maize, 300 
millet, 300 
oat, 300 
rice, 300 
rye, 300 
wheat, 299 

Flours, diagnostic characters of, 299 
Flowers, 143 

structure of, 143 
Foxglove leaves, 136 

diagnostic characters of, 138 
examination of, 137 
Fruit, black pepper, 279 
capsicum, 272 
cardamom, 250 
colocynth, 262 
fennel, 287 

wheat, 293 . j 

Fruits, identification of powdered, 
302 

structure of, 248 


Galangal rhizome, 3^4 
Gentian root, 340 

examination of, 34 ° 
powdered, 343 
Ginger, 307 

powdered, 312 

rhizome, examination of, 307 
Ginger starch, 19 
Glands, 37 

schizogenous, 94 


Globoids, 192 
Glycerin, 372 
dilute, 372 
Soudan, 375 
Ground-nut cake, 351 
Guaiacum wood, 67 
Gum and glycerin, 372 


Hairs, 24, 92 
Hazel-nut shells, 355 
Hemp, 31 

diagnostic characters of, 31 
examination of, 31 
Manila, 33 

diagnostic characters of, 33 
Henbane leaves, 140 

diagnostic characters of, 141 
examination of, 140 
Hydrochloric acid, 372 


Indian chillies, 279 
Inulin, identification of, 377 
Iodine, von Hohnehs, 26 
Iodine water, 372 

lodopotassium iodide, solution of, 373 
Ipecacuanha root, 329 
Cartagena, 334 
examination of, 329 
powdered, 332 

Ipecacuanha stem, elements of, 333 


Japanese chillies, 279 
Jute, 32 

diagnostic characters of, 32 
examination of, 32 


Kamala, 42 

adulterations of, 43 
examination of, 42 
mounting of, 42 


Laticiferous cells, 94 
isolation of, 89 

Laticiferous vessels, isolation of, 84 
Leaf powder, identification of, 141 
Leaves, 91 

bearberry, 99 
belladonna, 138 
buchu, I 17 
coca, 129 

crushed, examination of, 103 
epidermis, of 91 
foxglove, 136 
henbane, 140 
savin, 133 

scheme of examination of, 95 
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Leaves — continued, 
senna, 104 
stomata of, 92 
stramonium, 126 
structure of, 91 
tea, 122 

Lentil starch, 17, 239 
Lignification, tests for, 65 
Linseed, 206 

aleurone grains of, 209 
examination of, 206 
isolation of tissues of, 209 
powdered, 210 
Liquorice root, 334 

examination of, 334 
powdered, 338 
Lobelia stem, 80 
Lupulin, 40 

adulterations of, 41 
examination of, 41 
mounting of, 40 
Lycopodium, 37 

adulterations of, 40 
examination of, 37 
mounting of, 37 


Maceration mixture, Schulze’s, 373 
Maceration process, Schulze’s, 57 
Maize meal, 350 
Maize starch, 12 
Manihot starch, 12 
Maranta starch, 12 
Marshmallow root, 322 
Medullary rays, 53 
Mesophyll, 93 
Methylene blue, 118 

alcoholic solution of, 373 
glycerin solution of, 373 
Micrometer, ocular, 5 
Micron, 5 
Millimetre scale, 5 
Millon’s reagent, 373 
Mucilage, 194 

detection of, 118 
Identification of, 378 
Mustard, examination of commercial , 
204 

Mustard seeds, black, 205 
white, 195 


Naphthol solution, 373 
Nut shells, 353 
Nux vomica seeds, 21 1 
examination of, 211 
powdered, 214 


Oat starch, 16 
Oatmeal, 349 


Oil cake, 351 

examination of, 245 
Oil, fixed, identification of, 38, 377 
volatile, identification of, 378 
Olive stones, 356 
Osmic acid, solution of, 374 
Outer bark, 155 


Pea, grey, 233 

examination of cotyledons, 
236 

examination of, 233 
examination of flour, 239 
surface preparations of seed 
coats, 234 
Pea starch, 17, 238 
Pepper, black, 279 
Pericycle, 78, 153 
Phelloderm, 153 
Phloroglucin, solution of, 374 
Picric acid, solution of, 374 
Pine kernels, 245 
Pine wood, 72 
Potash, solution of, 374 

ammoniacal, 374 
strong, 374 
very dilute, 374 
Potato starch, 2, ii 
Powdered drugs, examination of, 96 
mounting media for, 96 
Powdered barks, identification of, 
185 

Powdered seeds, identification of, 
247 

Powders, decolorisation of, 177 
determination of origin of, 364 
of purity of, 366 
double-staining of, 363 
examination of, 361 
identification of, 366 
Proteid, identification of, 378 
Proteid grains, 189 


Quassia wood, 54 

preparation of, 54 
radial sections of, 59 
separation of elements of, 56 
tangential sections of, 61 
transverse sections of, 63 


Rape cake, 353 
Rays, medullary, 53 
Reagents, 368 
Red cinchona bark, 181 
Resin, identification of, 378 
Resinogenous layer, 307 
Rhizomes, 303 

structure of, 303 
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I<lii/fi!iie» arnica, 303 
galangal, 314* 

I'liiger, 307 
turmcrK.:, 316 
llritir, 3,,pi 
hiiNk?-i, 34*-# 

H icr Hiaril'i, 1 4 

hclladcmna, 319 
caliimha, 344 
{•lijrrtrv, 3i(> 
damirlion, 323 
gentian, 340 
i|«’raryanha, 329 
334 

inarNhinalimv, 322 
31 H 

’ 4 rur:iure of, 318 
Knfliennirii reil, solution of, 375 
Hy I* meal, 350 
Hyir htarcii, 1 5 


.Sallinwer, 147 
Haflrriii, I44 

atfullerationH of, 147 
exam ilia I ion 144 
l»ovv«lored, 147 
suit, mm, 375 
^ago, 10 

Sandal wokkI, Australian, 71 
Vene/aii'lan, 71 
ydlow, Oo 
Savin, 133 

diagnostic cliaracters of, 135 
examination of, 132 
IMiwdcwJ, 135 

SclinIze'H maceration mixture, 373 
Sihiilze'.H maceration proce«g, 57 
Secret ion ccU-h, 04 
SecTtdion diicti, 94 
Hetreiion tulw, 94 
Sixtions, radial, 55 
tangential, 55 
transverse, 55 
Seeds, 186, 356 
almond, 240 
areca, 216 
cardamom, 250 
cocoa, 221 
coffee, 230 
colocynth, 264 

<lisintegration of coats of, 199 

iinscerd, 206 

nuc.tard, lilack, 205 

mustard, white, 195 

nux vomka, 21 x 

pea. grey, 233 

pine, 245 

structure of, 18G 

transverse sections of, 195 

walnut, 244 


Senna leaves, 104 

diagnostic characters of, 117 
examination of, 104 
examination of epidermis of, 108 
examination of powdered, 109 
Sheep's wool, 34 

examination of, 35 
Shells, almond, 353 


cocoa-nut, 354 
hazel-nut, 355 
walnut, 355 

Sieve plates, detection of, 162 
Sieve tubes, 154 
Silica, identification of, 378 
Silk, 35 
Sketching, 6 

Solution of chloral hydrate, 370 
of chlorinated soda, 370 
of chlorzinciodine, 370 
of chromic acid, 371 
of corallin soda, 371 
Fehling's, 372 
of ferric chloride, 372 
of iodopotassium iodide, 373 
of methylene blue, 373 
of naphthol, 373 
of osmic acid, 374 
of phloroglucin, 374 
of picric acid, 374 
of potash, 374 
of ruthenium red, 375 
Soudan glycerin, 375 
Spores, 37 
Starch, i 

adulteration of, 22 
barley, 15 
bean, 16, 239 
curcuma, 19 

effect of caustic alkali on, 9 

effect of heat on, 7 

examination of, 22 

examination of, in glycerin, 10 

gelatinisation of, 8 

ginger, 19 

hilum of, 4 

identification of, 378 

iodine test for, 9 

lentil, 17, 239 

maize, 12 

Manihot, 20 

Maranta, 12 

measurement of, 5 

mounting of, 2 

oat, 16 

pea, 17, 238 

polarisation of, 10 

potato, 2, II 

removal of, 22 

rice, 14 

rye, 15 

shape of, 3 


25 
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Starch — continued. 
size of, 4 
sketching of, 6 
striations of, 4 
Tous-les-mois, 18 
wheat, 14 
Stem, broom, 89 
dulcamara, 84 
euphorbia, 88 
lobelia, 80 
Stems, 77 

diagnostic characters of, 79 
structure of, 77 
Stomata of leaves, 92 
Stramonium leaves, 126 

diagnostic characters of, 129 
examination of, 126 
powdered, 128 
Snlphovanadic acid, 375 
Sulphuric acid, concentrated, 375 
80 per cent., 375 
von Hohnel’s, 26 


Tannin, detection of, 170, 319 
Tapioca, 20 
Tea, 122 

diagnostic characters of, 124 
examination of, 122 
powdered, 125 
Textile fibres, 24 
Tous-les-mois starch, 1 8 
Tracheids, 51 
Turmeric rhizome, 316 


Vessels, 47 

laticiferous, isolation of, 84 
Volatile oil, identification of, 378 

a 

Walnut, 244 
Walnut shells, 355 
Water, iodine, 372 
Wheat, 293 

examination of, 293 
Wheat meal, 349 
Wheat starch, 14 
White mustard seed, 195 
examination of, 195 
powdered, 202 
Witchhazel bark, 168 

examination of, 168 
powdered, 172 
Wood, angiospermous, 360 
coniferous, 359 
definition of, 49 
diagnostic characters of, 

53 

elements of, 49 
fibres, 52 
gnaiacum, 67 
parenchyma, 53 
pine, 72 
quassia, 54 
structure of, 48 
yellow sandal, 69 
Woods, 48, 359 
Wool, cotton, 25 
i sheep’s, 34 
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